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BCTYII

P03BUTOK HOBUX TEXHOJOT1H MPEJCTABICHHS Ta Mepeaavi JaHuX, 0e3nepepBHO
3pocTaroui 00CATH TOTOKIB JIaHUX, CEpel SKUX 3HauHE MICIE BIIrpae ayaio Ta
BificoiHpopMarllisa, moTpedye Tmeperiasay O0a30BUX TMPUHIMUINB CTBOPEHHS Ta
0O0CITyroByBaHHSI CY4YaCHUX TEJICKOMYHIKAIMHUX MEpPEeX, a TAaKOXK anapaTHUX Ta
MPOrpaMHUX 3ac00IB TEIEKOMYHIKAIIMHUX CHUCTEM. AHaJI3 PO3BUTKY CBITOBOI
€KOHOMIKHM Ja€ MiJICTAaBU BBaXXATH, IO MiJ] BIUIMBOM HOBHUX 3a/a4 Ta HOBUX Traiy3ei
3aCTOCYBaHHS TEJIEKOMYHIKAIIIHI TEXHOJOTIT € TUM HAlpsIMOM Cy4acHOI 1H)XEHepii,
110 HAaNOUIBIII JUHAMIYHO 3MIHIOETHCS.

BTiieHHS HOBITHIX TEJIEKOMYHIKAIMHUX TEXHOJOT1H, CTPIMKE 3pOCTaHHS
HOMCHKJIATYpH Ta Tajdy3edl 3acTOCYBaHHS MEpPEKHOTO OOJagHaHHA, IO Mae
pPI3HOMAaHITHE MPU3HAYEHHS, BUCYBAlOTh HOBI BUMOTH JO MIATOTOBKHU 1HXEHEPHO-
TEXHIYHUX KaJpiB y BUIIMX HABUAJIbHHUX 3akianax. CydacHi CHeIiagicTd MaloTh OyTH
3/IaTHI BUPILNIYBaTH IIMPOKE KOJIO MUTAHb IMPOEKTYBaHHS 1H(OPMAIIHHUX MEpEX,
1HCTaNAIli Ta OOCITYroBYBaHHSI TEJIIEKOMYHIKAIIMHOTO OOJaJHAHHS, TJIAaHyBaHHS
#oro poOOTH Ta aJMIHICTPYBaHHS, a TaKOX pPO3B’SA3yBAaTH 3aJayl MPOECKTYyBaHHS
CJICKTPOHHOI amaparypH, IO BXOIUTH JO CKJIAAy TEICKOMYHIKAIIMHUX CHUCTEM, ii
TEeCTyBaHHSA, MOJEpHI3aIlli, eKCIulyaTallli, HaJlaJKd Ta PEMOHTY, CTBOPCHHS
BIJIIOBIJTHOTO IPOTPAMHOI0 3a0€3MeYeHHS.

Hucrtururina «OCHOBU Teopii TeIEKOMYHIKAIN 1 paliOTEXHIKA» BIIHOCUTHCS
JI0 LMKy HOPMATMBHUX HAaBYAJIBHUX JUCUUILIIH MepuIoro (0akaaaBpChbKOTO) pPiBHS
BUIIIOI OCBITH 3a CleliaibHICTIO 172 — TenekoMyHIKarlii Ta pajaiorexHika. HaByanpHa
mporpama JUCITUIUTIHM BPaXxOBY€ OCOOJMBOCTI MIATOTOBKU CTYIEHTIB 32 OCBITHHOIO
nporpamoro «IHdopmaliiiHo-064KCIIIOBaIbHI 3aC00HM PaiOCIEKTPOHHUX CUCTEM.

Hapuanpuuii mociOnuk 3 aucuumuiian «OCHOBU Teopli TEIEKOMYHIKaIlind 1
PAIOTEXHIKM» € TEepIIMM 3 TPYNH HABYAIBHHX IOCIOHWKIB TO JIUCIHIUIIHAM
1H(pOpMaIITHO-TEIEKOMYHIKALIIITHOTO ~ HaINPSIMKY 32 OCBITHBOIO MPOrpamoro
«InopmariiiHo-00YMCITIOBaTIBbHI  3aCO00M PaTIOCIEKTPOHHUX cucTemM». KpiMm 1i€i

JUCLHMIUTIHM ~ CTyJIEHTaM  Jpyroro (MariCTeépCcbKOro) piBHS  BHUIOI  OCBITH
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BUKJIaJaeTbesa Aucuuiuiina «Komm’roTepHi Mepexi Ta 3aco0u TeleKOMYyHIKaIiiy, y
SKIil BUBYAIOTHCS 0a30B1 TEXHOJIOTII Mepeaadl AaHWX JOKAJIBbHUX Ta TI00ATbHUX
MEpeX Ta OCOOJIMBOCTI PI3HUX THUINB TEJIEKOMYHIKAIIHHOTO oOOJagHaHHS, 1
mucuiuiina « TexHomnorii Ta 3aco0u KepyBaHHs B 1H(QOPMALIHHUX MEpekax», y sKii
BUBYAIOTHCS MPOTOKOJM YIPABIIHHSA MEpPEKHUM OOJaJHAHHSIM, MIDKHAPOJHI
CTaHJApPTH 1 KOHIIEMIIi1 MOOYA0BH CUCTEM YIIPaBJIiHHS, TPOrpaMHi 3acO0U aHaII3y Ta
yIpaBIiHHS 1HGOPMAIIHHUMHI MEepeKaMHU.

HavanpHuii mociOHuUK 3 guctuiuiind «OCHOBH Teopii TeJEeKOMYHIKaIii 1
pPaJlOTEXHIKM» MICTUTh MaTepialiv, SKI BUKOPUCTOBYIOTHCS SK O€3MOCEPEIHBO Yy
TEOPETUYHOMY KypcCli, Tak 1 Marepiajid IJisi CaMOCTIHHOT poOOTH CTYIEHTIB 1
MITOTOBKH /10 JabopaTopHux poOiT. LI Marepianu moaijieHO Ha IICTh PO3AUTIB. Y
MepuIoMy PpO3AUTT MOCIOHMKA PO3MISAAIOTHCS OCHOBHI TEPMIHM Ta BHU3HAYCHHS,
0a30BI METOAM Ta MIIXOIW N0 MOOYJOBH CHUCTEM Mepenadi JaHUX, OCOOJMBOCTI
MPE/ICTABICHHS JaHMX B 1HGOpMAIITHUX KaHajax. Y JpyromMy po3fiii MOCiOHHMKa
PO3IIIIHYTO OCOOJIMBOCTI PI3HUX THUIIB (PI3MYHUX CEPENOBHUIL NEpeaadl JaHuX Ta iX
OCHOBHI XapaKTePUCTUKU. TpeTiit po3/Ls1 MOCIOHNKA 3HAMOMUTD CTYACHTIB 3 PI3HUMHU
TUMAMU MEPEKHHUX TOMOJOTIM. Y 4YeTBepTOMY pO3/LIl MOCIOHMKA PO3TISHYTO
MOJIeNIb MEPEXKHOI apXiTeKTypu, 0a30BI METOAM TMepeaadi JaHuX, sIKi MOKJIAJACHO B
OCHOBY TTOOYJIOBH PI3HUX MPOTOKOJIIB KaHAJTBLHOTO PiBHSA, OCOOJIMUBOCTI apXITEKTYpHU
Ta TNPOTOKOJIB JIOKAIbHUX Mepex. I[[’atuil po3ain mnociOHMKA MPUCBIYEHUI
BUBYCHHIO ocoOymBoctel mpotokoiiB creky TCP/IP, IP — aapecaii, npoTokoiy
IPv6, cuctemMu OOMEHHMX IMEH. Y IIOCTOMY PO3AUI PO3IJISAAOTbCS MUTAHHS
MapuHipyTH3alii MK PI3HUMH MepexaMu, 0COOJIMBOCTI MPOTOKOIIB MaplIpyTH3aLli

BHYTPIIIHHOTO Ta 30BHINIHHOTO MITO31B, MPOTOKOJIIB TPYIMOBOI MapIIPyTH3AIIii.



1. BA3OBI IIOHATTS i OCHOBU NEPEJIAUI JAHUX

1.1. OcHOBHI XapaKkTepUCTHKH iHpopMaLIHHUX KAHAJIIB

CnporieHa cTpykTypa OyIb-sKOi Mepexi mnepenadl gaHux (TiodanbHOI abo

JIOKabHOT) MOke OyTH To/laHa B HacTynmHoMy Burisiai (puc.1.1) [O: 1].

KyA ___________7 _____________________________ MeperKHi
pecypcu
JloriyHnit KaHan
AK/[ AK[
MepexHe MepexHe
YCTaTKyBaHHA YCTaTKyBaHHA
[ [
MepexHe MepexHe
YCTaTKyBaHHA YCTaTKyBaHHA

NiHis 38°A3Ky
KomyTauiinHa xmapa
N /
\
KY(DTE) - kiHIIeBe yCTaTKyBaHHS JaHUX

AKJI(DCE) - anapatypa KaHaiy JaHux

Pucynok 1.1 - Y3araiibHeHa cTpyKTypa Mepexi nepeadl JaHux

KV (DTE) - kiHueBe ycTaTKyBaHHsS JaHMX, BUKOHYE (YHKIIi reHeparii,
npuilomy U mnepeaadi naHux. llpuknagamMu TakuxX MPUCTPOIB MOXKYTh CIHYKUTHU
MEePCOHANIbHI KOMI'IOTEPH, KacOB1 amapaTd, OaHKOMaTH, PI3HOTO THUITY TEPMIHAIU U
T.J.

AK]Jl (DCE) - amaparypa kaHaiy jJaHUX, BUKOHYE iHTepdericHI QyHKIT s
3a0e3MeUeHHs] KOMYHIKAII KIHIIEBUX BY3JiB 3 MEpEXKeI0 (HAMpUKIAI, MEPEKHUN
agantep, MojaeM 1 T.1.). [ligkimrodeHHss 10 Mepexi U nepenada JaHuX 3A1HCHIOEThCS

9



3a JOTIOMOTOI0 JIHINA 3B'S3Ky (IIPOBOJOBUX a00 0E3MpOBOAOBHX) 3 BUKOPUCTAHHSIM
BIJIMTOBITHOTO TIPOTOKOJNY Tiepenadi gaHuX (Hampukian, mpotokoiny Ethernet y
BUMAJIKY JIOKAJTBHOT MEpexi).

Komyramiitna xmapa - Mepexa nepefadl JaHuX, 10 CKIATAETHCS 3 MEPEKHOTO
yCTaTKyBaHHA (KOHILEHTPATOpPH, KOMYTATOPH, MapUIPyTHU3aTOPU H T.N. MPUCTPOI),
3'€IHAHOTO KaHAJIaMU Tiepeaadi JaHuX (MPOBOJOBUX/0E3IPOTOBUX ).

[Iporokonu mepemaui NaHUX y KOMYTaliiHIA XMapli MOXYTh 30iratucs i3
MPOTOKOJAMH, IO BUKOPUCTOBYIOTHCA Yy JIHISX 3B'SI3KY (Y BHIIAJIKYy JIOKAJIbHHUX
Mepex), ado BIAPI3HATHUCS BiJ HUX (Y BUIAIKY TEPUTOPIaIbHO-PO3MOAUICHHUX a00
r100aIbHUX MEPEK).

MepexHi pecypcu — pecypcH, 10 KOJIEKTUBHO BUKOPHUCTOBYIOThCS OaraThbMma
KOpUCTyBauaMH (CepBEepU pI3HOTO MPHU3HAYCHHS, JUCKOBI MacuBU 1H(dOpMaIlii,
nepudepiitHi IpucTpoi i T.1.).

Kinmnesi mpuctpoi ¥ MepexHi pecypcu 3B'A3aHl JIOTIYHMM KaHAJIOM, IO
YTBOPIOETHCS 32 JOMOMOIOI0 MepexHoro mnporpamHoro 3abesneueHHs (UNIX,
Windows) 1 BIAMOBIAHMX MEPEXKHUX MPOTOKOJIB (HAMPUKIA, MPOTOKOJIB CTEKY
TCP/IP).

[ToTik maHMX, MO MEPEAAETHCS MEPEKEI0, Ha3UBAETHCA MEPEKHUM TpadiKom
a00 MpocTO TPaPiKOM .

[Tpuiimau-nepenaBay AKJl Moxxe 37ificHIOBaTH Tiepefady AaHUX Yy JIHIIO
3B'13KY 3 BUKOPHCTAHHSIM OJIHOTO 3 TphoX MeToiB [O: 1, 2].

e CuUMIUIEKCHUH MeETOH - TMepelnaya JaHUX 3[1ACHIOETbCS TUIBKM B OJIHOMY
HanpsaMKy. JlaHuii MeTo/ MPaKTUYHO HE BUKOPUCTOBYETHCS B 1H(GOpMAIITHUX
Mepekax, a 3aCTOCOBYETHCSI B PaJIOMOBJICHHI, TeleOaueHHl i TeIeMeTPUIHIX
cXeMmax, JIe JlaHi Mepe1aroThesi Ha 00poOH1 400 BUKOHABY1 MPUCTPOI.

e HamiBaymniekcHuil (IBOCHIPSAMOBAaHUN MO 4ep3i) - mepenaya 3A1MCHIOEThCS B
000X HampsiMKax, aje B KOKHUM MOMEHT 4Yacy Tepenada BeACThCS TUIbKU B
OIHOMY  HampsiMKy. MeToa  3aCTOCOBYEThCS B PI3HHX  CHCTEMax

OMUTYBaHHS/BUOOPY (HANpPUKIIAJ, OaraToTepMiHAIBLHUX KOMIUIEKCAX), MESKUX
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TEXHOJOTISIX JIOKaJbHUX Mepex (Hampukiazn, Ethernet Ha koakciambHOMY

kabe).

e [loBHOAYMIEKCHUM (OJTHOYACHO JIBOCIPSIMOBAHUMN) - Y KOKHUI MOMEHT 4acy
nepeaada Mo>ke BECTUCS B 000X HAMPSIMKaX.

[ToHsATTs HaAMIBAYIUIEKCHUM 1 JAYIUIGKCHUM 1HOMI BUKOPUCTOBYIOTH MJIs
XapaKTepUCTUKKW W camoi JiHii 3B's3Ky. Tak, y TenedoHii icHye MOHATTS 2-X
IPOBOIOBOI Ta 4-X MpoBO0OBOI JiHiH. [Ipy bOMy, 2-X POBOJOBY JiHII0 HA3UBAIOThH
HaAMIBIYIJICKCHOIO: MO OJHIA Mapl HpOBOAIB MOXKe BecTHca abo mpuiioM, adbo
nepenayda (xouya, BUKOPHUCTOBYIOUM PI3HI MPUHOMH, HANpHUKiIaa, AuQepeHiiaibHe
PO3AUIEHHS BXIHOTO W BHMXIJHOTO CUTHAJIIB, MOKHa M Ha OJHIA Mapl MPOBOJIB
peanizyBaTu QyIJIEKCHY nepeaady). 4-X IpoBOJOBY JIIHIIO HAa3UBAaIOTh AYIUIEKCHOIO:
OJlHA Tapa TMPOBOMAIB BHUKOPHUCTOBYETHCS Ji MPUHOMHOTO KaHAly, Apyra - Uis
nepeaBaIbHOro.

[lepenaua manux 3aidcHIOEThCS 1HGOpMaliiiHuMu Kananamu. [lin kaHanoMm
pO3yMitOTh 3aci0 i MepeMillieHHs B TpocTopi 1H(opmauiiHux curHaiis. [lpu
IOMY KiJbKa 1H(QOpPMALIMHUX KaHAJIIB MOXYTh OYTH pO3MIIIEHI B OJHOMY
GI3UYHOMY CEepeloBHUIIll TepeAadl (Hampukiaj, KuUlbka YacTOTHUX KaHANB Y
BIIKpUTOMYy edipi). HeszanexxHo Big TOro, sk y KaHajl MHpPEICTaBICHUN CUTHAI
(anasoroBuii abo 1MdpoBuUit), Oynb-SIKUWA KaHAJ XapaKTePU3YETHCS IPOITYCKHOIO
3/IaTHICTIO, 110 BU3HAYAETHCS KUIBKICTIO OIT 1H(OpMalli mepegaHux 3a CEKyHAY
(6it/c).

[lepenaua Oyab-sKoro iH(GOPMAIIHHOIO CUTHANTY 3aBXJIHU 3IIHCHIOETHCS B
OOMEKEHOMY YacCTOTHOMY Jiamna3oHi. Y BHUMNAAKy Tele(OHHOI Mepekl YaCTOTHUU
Jiana3oH aHamoroBoro tenaedoHHoro curaany mae rpanuii: 300 + 3400 I'u. [upuna
CMYTM TPOIMYCKAaHHS YaCTOTHOTO KaHaiy (pI3HULSA MK BEPXHBOIO Ta HUKHBOIO
gacToTaMu) Jj1s iepenayi teneonnoro curnany ctaHoButh Af = 3100 'y . [upuna
CMYTH IPOIMYCKaHHS € OCHOBHUM IapaMeTpoM, L0 BHU3HAYA€ MPOMYCKHY 3/1aTHICTh
kaHany. bynp-ake (¢dizuuHe cepefoBulle Tiepeadyl Mae OOMEXKEHY CMYTy
nporyckanas. Tak MigHUN KaOenb, 0 BUKOPUCTOBYETHCS y TEICPOHHUX Mepexax

(GaraTonapHuii kabeb «BUTA Mapay»), Mac IMUPHHY cMYTH mpormyckanus 103+10% I,
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KoakcianpHUi kabens — 10°+10° I'u, BomokoHHO-onTHyHUI Kabens — 10'4+10" I,
Crning 3a3HAuUTH, MO0 HA MMUPUHY CMYTH MPOIMYCKAHHS BIUIMBAIOTH HE TIJIBKA
XapaKTepUCTUKH (PI3UYHOTO Cepe/oBHINA Tepefadi, ajle W XapaKTepUCTUKU
MIPUCTPOIB, MIIKIIOYSHHUX 10 IILOTO CEPETIOBUIIA.

KpiM mmpuHN cMyTH TIpOITyCKaHHS Ha MPOITYCKHY 3/IaTHICTh KaHATy BIUIUBAE
(dbaKkTHYHA MOTYXHICTh CUTHAITY, 110 MEePEJAEThCs M piBeHb IIyMiB y kaHaii [O: 1, 2].
3anexHICTh MPOMYCKHOI 3/TaTHOCTI BiJ] HAa3BaHHX MapaMETPIiB OMHCYETHCS 3aKOHOM

lennona:
C=Wlog,(1+5y),

ne

C - MmakcuMaJIbHA MPOMYCKHA 3JaTHICTh KaHaIly, O1T/C;

W - mmpuHa cMyTH IpoIyCKaHHs KaHaly, [

S - MOTY>KHICTb CUTHAIY;

N - HOTYXHICTb IIYMY.

I3 3akony lllenHHoHa BumMBae, MmO g 30UIBIIEHHS MaKCUMAalbHOI
MPOIMYCKHOI 3JaTHOCTI HEOOXIAHO 30UIbIIYBATH IUMPUHY CMYTH MPOIMYCKAHHS,
MOTYXHICTh CUTHAITY, 1 3MEHIITYBAaTH MOTYXKHICTb IITyMY.

Jlist 30inbmieHHs BigHOIIeHHS S/N 3a3BHUYail BUKOPUCTOBYIOTH PO3MIIICHHS
MIJCUIIOBAYIB Ha KaHajlax 3B'SI3Ky (MaJoePEKTHUBHO Yy BHIAIKYy aHaJIOTOBOTO
CUTHAITy, TOMY 1[0 OJTHOYACHO B1I0YBA€THCS MiJICUIICHHS K KOPUCHOTO CUTHAITY, TaK
1 IyMIB; KpIM TOTO, TOCUTh CKJIQJIHO BITHOBIIOBATU ()OPMY KOPHUCHOT'O aHAJIOTOBOIO
CUTHAITY, 1[0 CIIOTBOPIOETHCA MPHU MPOXOHKEHH] Yepe3 JIiHiT 3B'SI3KY).

[[Iupuna cMyry IpOITyCKaHHs KaHaTy OyJie TaKOXK BILUTMBATH HA CIIOTBOPEHHS
iHpopmariiiinoro curHany [O: 1, 2]. Bynb-akuii uu@poBHil CUTHAI, HIUISIXOM
po3knananHs B psaa Pyp'e, MOXKHA MOAATH Yy BUIJIAAI CYMHU HECKIHUEHHOTO YHUCIA
CUHYCOI/], sIKI YTBOPIOIOTHCS 13 CHHYCOIaIbHOIO KOJIMBAaHHS OCHOBHOI 4acTOTH (n
['m) 1 "HemapHux rapmoHik (3n, 5n, 7n...), NPUYOMY aMIUTITyAH LHUX TapMOHIK
3MmeHIyoTbes. [lepenavya mogiOHOrO cUrHAMY Yepe3 KaHald 3 OOMEXEHOK CMYTOIo

MMPOIYyCKaHHA IMPUBOANUTL 10 CIIOTBOPCHDb, BUKIIMKAHUX OLIBIIT CHUJIBHUM 3aracaHHsIM
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BUCOKOYACTOTHUX TapMOHIK 1 30UIBIICHHSIM 3aTPUMOK JJII BHCOKOYACTOTHHUX
TapMOHIK. Y pe3ynbTari, IpU BETUKUX BIACTAHAX, SIKI MPOXOIUTH 1HPOpMAIITHUIA
CUTHaJ, CIOTBOPEHHS MOXYTh OYTH HACTUIBKM CWJIBHUMH, IO HEMOXJIUBO
po3pizauTh Joriuni «0» 1 «1» 6e3 cneuianbHuX 3aco0iB. s BiAHOBICHHS (hopMu
CUTHAJIy 3aCTOCOBYIOTBCS Pi3HI METOIM OOpOOKH curHairy. KpiMm 11boro, mpakTUYHO B
yCiX cHUcTeMax Iiepefadl JaHUX peaidizoBaHa IepeBipKa JMaHUX y MpuUiMadl Ha
HAsBHICTh TIOMMJIOK TIepefadi 3 OpraHi3ali€lo MOBTOPHOI mepefadi, y BHIAJIKy
BUSIBIICHHST IOMHJIOK (X04a MIPH [IbOMY 3HIDKYEThCS e(DeKTHBHA MPOIYCKHA 3/1aTHICTh

KaHay).

1.2. Jlesski MOHATTS, 10 BUKOPUCTOBYIOTH B Teopil TesieTpadiky

JIJist TEOpETUYHOTO AOCTIHKEHHS MEPEX BUKOPUCTOBYETHCS TEOPISl MAaCOBOTO
0OCITyroByBaHHs, sIKa MPU BUKOPUCTAHHI CTOCOBHO TeNe()OHHOTO 3B’A3KYy OTpHUMAala
Ha3By Teopli Tenerpadiky. Llg Teopis BHBYAaE TpolleCM 1 3aKOHOMIPHOCTI
MPOXOJ/PKEHHS TOBIJIOMJIEHb IO MEpeXi, BU3HA4Ya€ €(PEKTUBHICTH BUKOPUCTAHHS
KOMYTaI[IMHUX CUCTEM 1 JIHIM 3B’SI3KYy, @ TAKOX MUTaHHS SKOCTI OOCIyroBYyBaHHS
aOOHEHTIB.

HaiiGinbmr  BaXJIMBUMU TMOHATTAMH Teopii Tenerpadiky € BUKIHKH,
HaBaHTAXXEHHS 1 BTPaTH.

Bukiukom Ha3uMBaeThCs 3asBKa (CrieIiaJbHUN CUTHAT) OJHOTO 13 aDOHEHTIB Ha
BCTAHOBJICHHSI 3 €IHAHHA, TOOTO 3asBKa Ha CTBOPEHHS CHUCTEMHU 3B SI3Ky MIX
aboneHTamu. [IOHATTA BUKIWKY TOMIMPIOETHCS 1 HAa caMm MPOILEC BCTAaHOBIICHHS
3’€JHAHHSI.

CykynHICTh 3asBOK, SKI HaJIXOJSITh Ha CTaHIlI0, HA3UBaIOTh IMOTOKOM
BUKJIMKIB. Ba)MBUM mapaMeTpoM MOTOKIB BUKJIMKIB € IHTEHCUBHICTh BUKJIUKIB, TTi]T
KO0 PO3YMIIOTh YHCIO BUKIHKIB, 10 BHHHUKIM 3a OJWHUIIIO dYacy. Bukiuku
MOCTYINAalOTh HEPIBHOMIPHO, TOOTO I1HTEHCHBHICTh BHKJIUKY € HEMNOCTIHHOIO

BCINYHUHOIO.
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J11s ipaBMIIbHOT TOOYTOBH KOMYTAIlIHHUX CHUCTEM HEOOX1IHO 3HATH CyMapHUN
yac 00CITyroByBaHHS BUKIIMKIB, SKI HAIXOJATh 3a OAMHUIIIO 4acy, SIKHH MPUHHATO
Ha3uBaTH HaBaHTaXeHHAM. OJMHHUL BUMIPy HaBaHTAXEHHS — FOJUHO-3aHATTS. J{ist

00YHCIIEHHS HaBaHTaKECHHS BUKOPHUCTOBYETHCA BHUpA3:

Y = Nct/T,

e N — 4uciio JKepesl HaBaHTa)XEeHHsI (HapUKiIad, Yuciio aODOHEHTIB), C — KUJIBKICTh
BUKJIMKIB 3a 4dYacoBwil 1HTepBan T Big OXHOTO JpKepena, t — TPHUBATICTH
00CIIyTOBYBaHHSI BUKIIUKY.

Y Bumajky mapanenbHOro oOCHyroByBaHHS BHKJIHMKIB BHUKOPHUCTOBYETHCS
napaMeTp  IHTCHCUBHICTh  HABAaHTAXKECHHSA.  [HTEHCHUBHICTH  HABAaHTAXKCHHS
BUMIPIOETHCS B TOAUHO-3AHATTAX, PO3AUICHUX Ha roauHu. OAUHUIT IHTEHCUBHOCTI
HaBaHTakeHHd — Epmanr. Opgun Epnanr (Epa) — 1me Taka 1HTEHCHUBHICTD
HABAHTAKEHHSA, IPH K1 OpoTAroM | roauHu Oyae oOCiayroBaHe HaBaHTaXEHHS B 1

IOJWMHO-3aHATTA. IHTEeHCHBHICTh HABAaHTA)KCHHS BU3HAYAETHCSA 32 (1)0pMYJIOI-OI

E=ct/T

1 sIBJIsiE COOOIO BIIHOCHY BEJIMUMHY 3aMHATOCTI KaHAIy Mepefadl OAHUM a0OHEHTOM.
Hampuknan, E = 0,2 Epa nokasye, 1110 cepeTHbOCTaTUCTUYHE CyMapHE 3HaYEHHS BCIX
BUKJIMKIB a0OHEHTa ckiaaae 12 xpunuH 3a 1 rof.

[HTEHCUBHICTh HaBaHTAXEHHS MiJBEPKEHA PI3KUM KOJMBAHHSAM MPOTATOM
noou. Jlis po3paxyHKy HEOOXIJTHOro dmcia oOJlagHaHHS KOMYTAaIiiHOI CTaHIIl
NPUIHATO BPaxOBYBATH TaK 3BaHy roJMHY HaiOuibmoro HaBaHtaxkenHs (I'HH) —
HenepepBHi 60 XB. MOpOTATOM J00M, KOJIM CIOCTEPIraeThcs MaKCHUMallbHa
IHTEHCUBHICTh HABAHTAKEHHSI.

Ha koMmyTamidHuX CTaHIISX HE BCl BUKJIMKH, L0 MOCTYNHWIA, MOXYTh OyTH
oOcyroBaHi HETaHO 4Yepe3 BIJICYTHICTh B HEOOXITHWNM MOMEHT BUIBHMX BUXIJTHHX

naiHiM. B npomy Bumaaky aOOHEHT OTPUMYE CHUTHAN «3alHATO», HEOOCTY>KEHHI
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BUKJIMK HA3UBAIOTh 3aryOjeHuM, a caMm (akT HeoOCIyroByBaHHsS — BIAMOBOIO. Taki
CHCTEMHU OJIEp>Kalii Ha3By CUCTEM KOMYTallli 13 BTpaTaMH.

[cHYI0Th, Tak 3BaHi, CHCTEMH KOMYTAIIil 3 OUiKyBaHHSM, Y SKHX MPHU 3aHHATUX
BUXIJTHUX JIHISIX a00OHEHT HE OJICP)KY€E BIIMOBH, a OYIKY€E 3BUILHEHHS OJHIET 3 JHIMN,
it 4oTro 3'€eTHAHHS Oy/ie BCTAHOBJICHE.

KinpkicTe 3ary0jieHUX BUKJIMKIB B OJUHUIIIO Yacy B CHCTEMax 13 BTpaTaMu i
KUTbKICTh ~ a0OHEHTIB, HI0 OJHOYACHO OYIKYIOTh, y CHCTEMax 3 OUIKYBaHHAM

XapaKTepU3yIOTh SKICTh OOCITYTOBYBaHHS TEIEPOHHUX MEPEXK.

1.3. ba3oBi MmeToaM NpeACTABJIEHHS TA Nepeaayvi JaHuX

1.3.1. MoayJsiuisi CUTHAJLY

[lin MomymsIiero po3ymitoTh MOAU(IKAII0 [MapaMeTpiB OJHOTO CHUTHAIY
IHIIUM, SKUM Oe3nocepenHbo TpejacTaBiisie iHdopmariiai nani. [lepmmii curHan
1ICTOPUYHO HA3MBAIOTh HECYUYOIO0 YaCTOTOI a00 YacTOTOI — HOcieM (Hociem). JlaHi,
K1 MOJIYJIIOIOTh HECYUY, HA3UBAIOTh MOy Itor0unM curnaiom [O: 1, 2].

TUnoBUM MpU3HAYEHHSIM MOIYJSLIT Y TEIEKOMYHIKAUIMHUX MEpekax €
pO3MOMUICHHS a0€HEHTChKMX HHM3bKOYACTOTHMX KaHANIB y 4YaCTOTHOMY Jiana3oHi
MaricTpajbHOTrO KaHaity nepeaadi. AOOHEHTChKUM Tele(OHHUI KaHall Ma€ YacTOTHY
cmyry 300 — 3400 T'um (Af=3100 I'm). Cmyra mponyckanHs (I3UYHUX KaOEIbHHUX
CUCTEM 3 MPOMIKHUMH TIJCUITIOBaYaMU CTaHOBUTH BiJl coTeHb KI'11 10 corenr MI .
Ha takux (i3M4HMX JIIHISIX MOYKHa OPraHi30BYBaTH JEKUIbKa KaHalIB Iepenadl B
PI3HHMX YacCTHMHAX YaCTOTHOTO Jiana3ony. [ po3noaiieHHs a0OHEHTChKUX KaHaJIB
BUKOPUCTOBY€EThCSI MoayJisitiisi BU Hecydoro cunycoinanbHoro curaany H4 moBHUM
curHajiom (puc. 1.2).

[Ipu moTpebi mepemadi 1UGPOBUX JTaHUX dYEpe3 AaHAIOTOBI JiHIT 3B'SI3KY
(HanmpukJiaz, TeaedoHHI Mepexi) HEOOX1AHO 3/IIMCHIOBATH MEPETBOPEHHS IU(PPOBOTO
CUTHAJly B E€KBIBJICHTHI aHAJIOTOBI TEPIOJWYHI KOJWUBAHHA ¥ BIJHOBIIOBATH
BUXITHUN TTU(POBUN CUTHAI y MPUUMAIOYOMY TPHUCTPOi. Takuii TUI TEPETBOPEHD
e Ha3WBalTh MMUPPOBOIO MOIYJIIIE0, abo MaHimyssaiero. Ilpuctpoi, 110
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BUKOHYIOTh  I1f0  (QYHKIIO, HA3WBAIOTh  MoJeMaMH  (CKOpPOYECHHS  BijX

MOJIYJIATOP/ IEMOAYIISTOD).

Moemui coraan

-

-
- Seal
# T
- i # e # T p———
- b3 * LY -
“-A i
=~ JU‘H k‘é
b -
"J ‘/

-
-
-

BucoxouacTorHA
Hecyda

Pucynok 1.2 - Mopynsuis BU-wecydoro cunycoigaibHoro cursainy H4-MmoBHIM

CHUI'HAJIOM

IcHyroTh HacTymHI 0a30B1 METOIA MOAYJISLIII.
1. AMniityana moayJsiisi (AM)- aMITTiTy/1a HECYy4Or0o CUTHATY 3MIHIOEThCS

BIJIMOBIHO /10 BX1JIHOT MOC1A0BHOCTI 01T (puc. 1.3).

[

UU

Pucynox 1.3 - 3MiHa Hecy4oro curuainy y Bunaaky AM

2. YacToTHa MmoayJasuisa (UM) — BiAMOBIAHO 10 BX1HOI MOCIIAOBHOCTI O1T

3MIHIOETHCS YACTOTa HECy4yoro curtany (puc. 1.4).
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AN
UV

Pucynox 1.4 - 3mMiHa HeCy4oro curiainy y Bumnajaky YM

3. ®a3zoBa moayasimisa (P®M) — BIMOBIIHO JI0 BX1HOT IMOCTITIOBHOCTI OI1T

3MiHIOEThCA (pa3a Hecyyoro curHaiy (puc. 1.5).

ARNA
N

e

Pucynok 1.5 - 3MiHa Hecy4oro curainy y Bunagky ®M

MopaemMu, sKi BCTaHOBJEHI Ha 000X KIHIAX JiHII 3B'SI3KYy, 3aBXKIW IMOBHHHI
BUKOPUCTOBYBATU TOM CaMHil METO MOTYJISIIII.

Miporo 1HTEHCUBHOCTI 3MIHHM CTaHy cepeloBula mepenadi (a0o Oyab-sSKHX
napameTpiB, 10 XapaKTEPU3yIOTh 1H(OPMAIIHHUN CUTHAI) 1 KEPYIOYUX MPUCTPOIB €
MIBUJKICTh, BUMIiptoBaHa B Oomax [O: 1, 2]. Hampuknan, y cucremax 3 AM
MIBUIKICTh Y 00/ax BU3HAYAE MIBHJIKICTh, 3 KO aMIUTITYJa CUTHATY 3MIHIOETHCA
BiJl OJTHOTO 3HAYCHHS JO IHIIOr0. Y MPOCTHUX CHCTEMax, A¢ KOXHHH 3 MOXKIIMBHX
PIBHIB aMIUTITY/Id MOJYJbOBAHOTO CUTHATY BUKOPHUCTOBYETHCS NJISl MOJAHHS OJHIET
nBiiikoBoi 1udpu (JoriuHoro «0» ado «1»), MBUAKICTH Nepenayl TaHux y 0omax

OyJie JOpIBHIOBATH IIBUJIKOCTI Mepeiadi 01ToBOI mociigoBHOCTI (01T/c). Y cucremax
17



3 OUIbLI CKJIAQJHUMH METOJaMH MOZYJIAIIlT 1 MpH BUKOPUCTAHHI JOJATKOBHX
(b13MYHUX KOJIB, 110 CAMOCUHXPOHI3YIOTHCS, IIBUAKICTH Y 607aX MOXe OyTH Oibliie
abo MeHIe 0iToBoi mBHUAKOCTI. Hanmpukian, y cucremi 4-x piBHeBOoi AM, e KOXeH
piBEHb AMIUTITYM BUKOPUCTOBYEThCS ISl moaaHHa mapu OIT («00», «01», «10»,
«11»), mponmyckHa 3AaTHICTh BUMIpIOBaHa B OiT/c Oyjae B 2 pa3u NEpEBUINYBATH
MIBUJKICTH y Oomax. A 1ipu BUKOpUCTaHHI ¢BUYHUX KoaiB RZ abo
MaHYeCTEePCHKOTO, SIKI OYAyTh pO3INIAJATHCS HUXK4YE, MIBUIAKICTH Y Oomax Oyne B 2

pasu OIbIIIe MBUAKOCTI Mepeaayi 6iTOBOTro MOTOKY y OiT/C.

1.3.2. KonuenTpauis i ymijibHeHHSs

MepexHi pUCTpoi reHepyIOTh J1aHl 3 TOCUTh BUCOKOIO IIBUAKICTIO MPOTITOM
HEBEJIMKUX I1HTEpBaiB 4acy. HeoOxigHo, 100 KkaHamu mnepefadi JA03BOJISUIHA
nepesaBaTi JaHi 3 MBUIKOCTSIMHU HE MEHIIMMH 3a HIBUAKICTh T€Hepalii JaHuX 1 Ipu
pOMY OyJIM TIOCUTh 3aBaHTAKEHUMHU JUIsl iXHBOIO €()eKTUBHOTO BUKOpUCTaHHS. Jis
BUPILIEHHS LMX 3aBJaHb 3a3BUYail peani3yloTh MOAUI 3arajlbHOrO HIBHUIKICHOIO
KaHaly MIDK JEKUTbKOMa TMPUCTPOSIMH 3a JIONMOMOTO0 TPOMIDKHOI amaparypu
(MyJIBTUIIIIEKCOPH, KOHLIEHTPATOpW) 3 BUKOPUCTAaHHSIM METOJIB KOHIIEHTpalii Ta
yuiisHeHHs [O: 1, 2].

KonnenTpariis - ¢yHkimis 3'€qHaHHS JIEKUIBKOX BXIJHHUX KaHAJIB 3B'SI3Ky 3
OIHUM a0o0 JeKUIbKOMa BHMXIJHMMH KaHajlaMd Ha OCHOBI 3allUTIB Ha Iepenady.
[TpucTpiii, 1o BUKOHYE 111 (PYHKIIIT, HA3UBAIOTHCS KOHIIEHTPATOPOM.

VYurinbHeHHs! (MyJbTUIIEKCYBaHHS) - (DYHKIIS mepenayl JaHuX 3 JIEeKUIbKOX
BXIJTHUX KaHaIIB Yy BUXIAHUI KaHal y MEeBHI MOMEHTH 4acy abo NEeBHI YacTOTHI
CMYTH 3araJIbHOTO KaHajy, sIKl 3a3/1aJIeT1/lb BCTAHOBIIOIOTHCS IS KOKHOTO BX1JHOTO
KaHaly.

Metonu yniiibHEHHS TUIATHCS Ha:

® YaCcOBE YIIIJIbHEHHS;
® CTaTHCTUYHE YaCOBE YIIUILHEHHS;

® YaCTOTHE YIIIbHEHHS.
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YacoBe ymiyibHeHHS: I OpraHizamii nepenadi JaHuX 3 JEKUTbKOX BXI1THUX
KaHaJIiB BCTAaHOBIIIOIOTH MPOMDKHUN MPUCTPIN — YaCOBHUM MYJIBTUILIIEKCOP (TIPUCTPIi,
1o 3abesreuye rnepeaayy JaHUX 3 OJHOTO 13 BXIJHUX KaHaJIB y BUXIIHUN KaHam).
JUis KOKHOTO 13 BXIJHUX KaHaJiB, MO 4Yep3l, MYJIbTUIUIEKCOP BUALIAE YACOBHIA
iHTepBaJ (4acOBUM TaKT ab0 TalM-CJIOT), IPOTATOM SIKOTO JIaHi 13 BXIJHOTO KaHaTy
NepealoThCsd Y MYJbTHILUIEKCOp. MynbTHIiekcOop (opMmMye makeT 3 AaHuX, L0
HAJIMIUIM T 49ac OJHOTO IMKIY poOOTH 13 BCIX BXIJHUX KaHaiiB (Tak 3BaHa
«o0oliMay), M0 TepeaeThcs 3 IMIBUIKICTIO BHXIJIHOTO KaHaly. 3 1HIIOI CTOPOHHU
KaHAJIy 3B'SI3Ky BCTAHOBIIIOETHCS AHAJOTIYHUH MYJBTHIUICEKCOp, IO po30upae
o0oliMy, 110 HaAIMIIIIA, 1 Iepelae JaHl Ha BIAMOBIIHI BUX1IHI KaHAJIH.

JloB)XKMHA YacoBOTO 1HTEpBay, MPOTATOM SIKOTO JiaHi 13 BXIAHOTO KaHAIy
HAJIXOIITh y MYJBTUILIEKCOP, BHU3HAYAETHCA PO3MIpOM TIaKeTa KOHKPETHOI
TEXHOJIOT1i, 1110 peai3ye 4acoBe MYJIbTUIICKCYBaHHS. Takui MixiJ 3aCTOCOBY€ETHCS
B TEXHOJIOT1] IMITyJIbCHO-KO/10BOT MoayJstii (IKM-30), TexHonorisix mie3ioXpoHHOi
(PDH) 1 cunxponnoi (SDH) uudpoBux iepapxiii, 0 3aCTOCOBYIOThCS MPU MOOY10BI
NEePBUHHUX  TENEKOMYHIKAIIMHUX MepeX, y PI3HHUX OararoTepMiHaJIbHUX
KOMILJIEKCaX. MoxauBuUiA 1€ OJMH MiAX1A J0 peaiizailii 4acoBOro yulijbHEHHS,
KOJM JUIS KEPyBaHHS TMepefavyero JaHuX 13 BXIAHUX KaHATMIB Yy BHXIJIHUAN
BUKOPUCTOBYIOTh HE alapaTHUN MPUCTPIN TUIYy MYJIbTHUIUIEKCOpPA, a CIelialbHUAN
KepylOUYui Kaap, IO BHU3HA4Ya€, KOJMM MOXKE BIAOyTHCS TMepeavya B 3aralbHUN
BUXIJTHUN KaHaJl (BUKOPHUCTOBYETHCS B CYNMyTHUKOBUX CHUCTEMax mepenadi JaHuX; y
KUTBIIEBUX MEpEkKax).

3BHYaiiHE YacoBe MYJBTHUILICKCYBAHHS XapaKTEPU3YETHCS TOCUTh HU3BKOIO
e(eKTUBHICTIO BUKOPUCTAHHSI BUXIJHOTO KaHaly Y BUMAJAKY BiJICYTHOCTI JaHHUX Ha
OoHOMY a0o0 JEKITbKOX BXIJHMX KaHajlax. Yepe3 Te 10 MYJIbTUILUIEKCOP OyIe
BUJIITISITA TaM-CIIOTH JIJISi KOKHOTO BXIJTHOTO KaHAIy IO 4ep3i, TMpH BiJICYyTHOCTI
JAaHUX Ha BXITHUX KaHalaXx B 000¥Mi OyayTh MOPOXKHI MICIIS, 10 W MPUBOIUTH O
Hee(EKTUBHOTO BUKOPUCTAHHS BUX1HOTO IIBUJIKICHOTO KaHATY.

CratucTuyHe 4YacoBe YINiJIbHEHHSI: TaWM-CIOTH [JIsS TIepeiadi JaHuxX

BUJIUISIFOTHCSI BX1IHUM KaHajlaM Ha OCHOBI CHCTEMH MPIOPUTETIB, 10 0a3yeThCcs Ha
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IHTEHCHUBHOCTI TIepeaadi TaHWX M0 KOKHOMY 3 BXIJTHUX KaHaJiB. Y 1bOMY BHUTAIKY
30HMPAETHCSl CTATHCTHKA TIEPEaHNX JTaHWX 13 BXIJHUX KaHAIIB 3a MEBHUN 4acOBUN
IHTEpPBAJI, PO3CTABJSAIOTHCA MPIOPUTETH [JIs BXIJHUX KaHAJIIB 1 YacOBl TaKTH
BUJIITISTFOTHCS BIATIOBITHO 0 CUCTEMHU TpiopuTeTiB. [Ipu 3MiHI IHTEHCUBHOCTI JaHHUX
3 SKOTOCh KaHaJy HOro MIplopUTeT MOXe OYyTH MiJABHINCHUN abo 3HIWKEHUH. Y
BUMAJKy BHCOKOI I1HTEHCHMBHOCTI JIaHMX 13 BCIX KaHQJIB CTaTUCTHYHHM
MYJIBTHILICKCOP pealli3y€e 3BUYaifHE YaCOBE MYJIbTUIIIICKCYBAHHS.

YacTtoTHe yIIJIbHEHHSI: YaCTOTHA CMyra BHUXIJHOTO KaHaIy JUIATHCA Ha
JIeK1IbKa OUIBII BY3bKHUX CMYT, KOXHA 3 IKUX MOE MaTH Pi3HY IUPUHY (MPOITyCKHA
3IaTHICTb KOKHOTO KaHaiay Oynae BIiApi3HATHUCA). MK 4YacTOTHHUMH CMYyraMu
peani3yloTbCsl 3aXHMCHI CMYrd Uil MiHIMIZaIil 1HTepepeHIii MiX CyCiaHIMU

yactotamu (puc.1.6).

Afy _{

Af {_
st 1

Pucynox 1.6 - PO30UTTS 4acTOTHOTO /11ana3oHy Ha AEKIJIbKa YAaCTOTHUX KaHAJIIB

Hampuknaz, y koakciaibHOMY Ka0eJl 3 IIUPUHOI0 CMYTH mpornyckanHs 90 Mrig
MoOkHa oprasizyBatu nopsaky 30000 ronocoBux Tene(OHHHUX KaHAIIB IIMPUHOIO 3
KI't y pi3HMX yacTuHax 4acToTHOro crektpy: kaHan 1 - 10030300 I'nr - 10033300
['u, kanan 2 - 10034300 ' - 10037300 I 1 1.1,

[Ipy BUKOpHCTaHHI YAaCTOTHOTO MYJBTUILICKCYBaHHS MOXKIIUBE 3aKPIiIUICHHS
SIKOIiCh YaCTOTHOI CMYTH 3a IapOI0 BY3JIiB, a00 PO3MO/I1I BCIET CYKYITHOCT] YaCTOTHUX
CMYT MIXK BCIMa MPUCTPOSIMU 3 BUKOPUCTAHHS JJOJIATKOBOTO YACOBOTO YIIIJIbHEHHS.

MeTo 4aCTOTHOTO YIIIJIbHEHHSI BUKOPUCTOBYETHCS B TE€XHOJIOTIT MEPBUHHUX
Mepexx FDM (ananoroBi TenedoHHI Mepexki) 1 B CIMEMCTBI TE€XHOJOT1H IUGPOBOI

aboneHTchkoi JiHii (XDSL).
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1.3.3. TexHoJ10riI cIeKTPaIbHOIO yulijibHeHHss WDM

Texnonorii CHEKTPaJIbHOTO YHIUIbHEHHS a00 MYyJIBTHIUIEKCYBAaHHS TIO
nosxuHaMm xBwib (WDM, CWDM 1 DWDM) - ne cydacHi TexHoJIOril nepenayi Ta
YIIIJIBHEHHS B OJJHOMY ONTHYHOMY BOJIOKHI (OB) NeKibKOX ONTHYHUX CUTHAMIB 3
PI3HUMU JTOBXKUHAMU XBWIb. WDM-00naaHaHHs 103BOJIsI€ IO OJIHINM Mapi ONTUYHUX
BOJIOKOH TE€peJaBaTh Ha JECATKAaX 1 HABITh COTHSIX JIOBXKUH XBWJIb Tpadik pi3HUX
npotokoniB (SDH / ATM / IP) 3 pisaumu mBuakoctsimu. Kirouosa nepesara WDM
B TOMY, IO MPOTOKOJ 1 HMIBHJAKICTH ISl KOXKHOTO KaHally - He3aiekHi. OnTudH1
Mepexi, [0 BUKOpUCTOBYIOTE WDM TexHoorii, MOXKyTh nepenaatu Aadi [P, ATM,
SONET / SDH 1 Ethernet 31 mBuakoctsmu mixx 100 M6/c. 1 10 T'6/c. Kpim Toro
WDM wmepexi MOXYTh HECTH Pi3HI TUMU Tpadiky 3 PI3HUMU MIBHIKOCTSIMHU IO
OJTHOMY ONITUYHOMY KaHaIy.

Cucremu WDM cniouatky 06'eanyBanu B ogHoMy OB nBi Hecyui - 1310 1 1550
HM, 110 MOJBOIOBAJIO €MHICTh cucTeMU. B nanuii yac cpopmyBasiocsi HOBE MOHATTS 1
KJIaC MIMPOKOCMYyroBux cucreM WDM, mo nepekpuBaroTh B CYMIKHHUX BIKHaX
npo3opocti cMyry Osm3bko 82 HM (1528-1610 HM). Lleit kimac BUKOPHUCTOBYETHCS
CUCTEMaMHU TaK 3BaHOr0 IIIJBHOTO XBWJIBOBOI'O MYJIbTHILUIEKCYBaHHS - DWDM.
OpnHak IifiCHO MIUPOKOCMYTOBI CUCTEMH BXKE 3apa3 MOXYTh nepekpuBatu cmyry 340
oM (1270-1610 um). 1li cuctemu, mo oTpuManu Ha3By po3pipkeHux cucreM WDM,
a6o CWDM, BHKOPHUCTOBYIOTh KpPOK MiX HecyunMu 20 HM 1 po3poOJieHi st
3HIDKEHHSI BapTOCTI cucteM WDM.

B pmanmit wac wmepexi WDM  3acToCcOBYIOThCA  isi  MOOYAOBHU
BHCOKOILIBUJKICHUX TPAHCIIOPTHUX MEPEX ONEpaTOpiB HAI[IOHAJILHOTO MAacIlITady, Ha
OCHOBI TOTIOJIOT1H «TOYKA - TOYKa» 200 «KIJTBIE» 1 MOTY)KHUX MICHKUX TPAHCIIOPTHHUX
MaricTpalien.

Texnonoriss ~ onTHYHOTO, a00  CHEKTPaJbHOrO,  YIIUIbHEHHS  Oyia
sanponoHosana B 1980 p. k. I1. Jlayznene. Ii cyTh 3B0AuTBCS 10 TOTO, IO TIOTOKHU
JAaHUX TIEPEHOCATHCS CBITIIOBUMHU XBHJISIMH Pi3HOI MOBXHHH. Hecydi reHepyroTbes
OKpPEeMHUMHU JDKeperIamMu (JlazepaMu), MOMYITIOIOTHCS JIESIKUM IU(PPOBUM CHUTHAIOM 1

NOTIM 00'€IHYIOTbCA MYJBTUILJIEKCOPOM B OaraToyacToTHWM curHain. PanHi Bepcii
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ONTUYHOTO YIIIJIbHEHHS] BUKOPHUCTOBYBAJIM JIBa BIKHA MPO30POCTI ONTOBOJIOKHA Ha
nopxkuHax xBwib 1300 1 1550 am. Ha upomy npuHiumi 6a3yeTbesi TEXHOJOTIS
criekTpasibHOro ymiuibHeHHs WDM, mo € #HainpocTtimow. Bona mo3Bosisie
VIIUTBHATA 2 ONTHYHI JOBXHWHU XBWJII 1 OJHOYACHO TMEpeaTH iX B OJHOMY
ONTUYHOMY BOJIOKHI. TpaauiiiiiHo, Takumu aopxuHaMu € 1310 1 1550 uM (MOXITHBI
BapiaHTH TaKMX KOMOIHAIlIA 3 JOBXKXHWHAMH XBWJIb B CIeKTpl Big 1290 mo 1625 HM™ 3
kpokom 120, 140, 160, 180, 200, 240 um).

Ha puc. 1.7 noka3ana tTumnoBa cxema 1mooyiosu cuctemu WDM.

\ /
——— —_—

A1+A2

RX o Q_Rx
e T~

Pucynok 1.7 - Tunosa cxema noOyaosu cucremu WDM

Tpanuuiitno Texromoris WDM 3acTOCOBY€EThCS TAKOXK TSl YITIIbHEHHS
JeKUTbKOX KaHamB nepeAaydi ganux. Hanpuknan, 1 GE + 1 GE, 1 GE + STM Ta 1Hm1
koMOiHarttii. B iboMy BUmagky cxema Takoi CUCTEMH OyJie BUTIISIATH, K MIOKA3aHO
Ha puc. 1.8.

Po3zsutok WDM npuBeno 10 MOSIBU MEPHIOro, Xo4ya 1 TUMYACOBOrO (Kiacy
draft) cranmapty Mixnapoanoro corsy enektpo3B'szky (MCE) G.mcs (1997 p.),
AKUWA 3rojoM OyB cxBajieHUM 1 omyOsikoBaHuid B 1999 pomi sik cranmapt st
OararokaHanpHux cuctreM SDH 3 ontuunumu mifcwiatoBadamu. llelt cranmapt
PEKOMEHAYBaB BUKOPUCTOBYBATH YaCTOTHHM IuiaH 3 kpokom Hecyunx 100 I'T'ry (0,8
HM) 1 OuIbIIe, X04a B po3poOkax cucteM DWDM, Bxe BUKOpUCTOBYBaBcs Kpok 50

[Ty (0,4 ©M). PesynapTaToM MOAAQIBIIOTO PO3BUTKY ONTUYHOI 1HTETPaJbHOI
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CXEMOTEXHIKH CTaJI0 3MEHIIEHHS KPOKY M HECy4YUMH MocaioBHo a0 50, 251 12,5

I'T.

E*_ _%

o |
1310 131041550 1346
E*_/ \—*E

Pucynok 1.8 - Tunosa cxema cucremu WDM Ha 1BOX CBITIIOBOAAX

CucremMH MIUIBHOTO MYJIBTHIUIEKCYBaHHS MO JA0OBXHMHaM XBwib (DWDM) -
cucteMu 3 po3HeceHHsAM KaHamiB He MeHme 100 I'Tr (0,8 M), mo mo3BoJIsIE
MyJIBTUIUIEKCYBaTH He Oublie 32 kaHaniB. YacrotHuil mnadH mis DWDM cucrem
Bu3HavaeTbest cranpaptom ITU G.694.1. OOGnacte 3actocyBanHs DWDM -
MaricTpasibHi ontuyHi Mepexi. [loganpmmii po3sutok cucreM DWDM, nos'sizanuii
31 3MEHIIEHHSM KPOKY MIXK HECYYMMH YyactoTamu A0 6,25 ['Tu, cTpuMyeThCsi HU3KOIO
daktopi. Ilepm 3a Bce, 1e (izuyHi 0OMEKEHHs (TeMIepaTypHa HECTaOLIbHICTh
YaCTOT HECY4YHX) 1 CyTTEBE NOAOPONKYAHHS TaKMX HaAUIUIBHUX cucteM WDM
(HDWDM). Buxogom 3 1i€i cuTyalii ctajqo BUKOPUCTaHHS HOBOTO KJacy CHUCTEM
WDM - pospimxenux cucteM WDM, a6o CWDM, siki BUKOPHUCTOBYIOTH TYXKE
BENUKHUM 1 (PiIKCOBaHMU KPOK MK HeCcyduMH - 20 HM - 1 JJOCTaTHBO JIEIIEBI 3aCO0U
BUJIIJICHHS [IUX HECYYMX: OaraTomiapoBi TOHKOIUTIBKOBI onTHYHI GinbTpu. Peamizaris
TAKOr0 PIIIEHHS CTaja MOXJIMBOIO 3aBJISKH PI3KOMY PO3IMIMPEHHIO ONTUYHOI CMYTHU
BukopucTtanHsa cucteM WDM: Bix 1270 go 1610 HM, 110 6ys10 00YMOBJICHO yCITIXaMH
B raimy3i ctBopeHHs: OB, 1110 He Mae Mika NOoriIMHAaHHA Ha 4acToTi 1383 HwM.

TexHomorist PO3PIIKEHOTO MYJIBTUIJICKCYBaHHS IO JOBKHHAM  XBHIIb
(CWDM) BukopuCTOBYEThCS sl GOPMYBaHHS B OJHOMY BOJIOKHI 10 9 TyTJIEKCHUX

KaHaIB 31 MBUAKICTIO mepenadi gaHux go 10 ['6/c wa Biacranmi 50 1 Oinbiie
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kimometpiB. Yactotnuit mnan ans CWDM cuctem BusHauaerscsi ctanpaprom [TU
(G.694.2. Ob6nacte 3actocyBaHHs TexHojorii CWDM - Micbki ONTHYHI MEpEexi.
Pimenns cnektpansHoro ymuibHeHHss CWDM no3Boise ymiibHUTH 10 18 onTHYHUX
TOBXHUH XBWJIb B miama3oHi Bix 1270 mo 1610 am 3 kpokom B 20 HM. A came -
noBxuHU XxBuib 1270, 1290, 1310, 1330, 1350, 1370, 1390, 1410, 1430, 1450, 1470,
1490, 1510, 1530, 1550, 1570, 1590 1 1610 =M. KigbkicTh HOBXHH XBHWJIb
BU3HAYAETHCSI TUIIOM OITOBOJOKOHHOTO KaOero, SKHA BUKOPUCTOBYETHCS IS
nepenadi gaHux. OntuyHui kabenb crangapry G652.C 1 G.652D 1 Buime Mae
IITUPOKOCMYTOBE ONTHYHE BOJIOKHO 3 TIOJIIMIICHOIO CTPYKTYpOIO, SKa JTO03BOJISE
nepenatd  Bci 18  1goBXKMH  XBWJb. J[0  IIMPOKOCMYroBOro  BOJIOKHA
BUKOpUCTOBYBaiacsi cucreMa abo O-mianazony (BikHo 1310 um) a6o C-, L-
niama3oHiB (1530 um, 1625 #M). ChOrojHi, NIMPOKOCMYTOBE BOJOKHO J0JIATKOBO
BukopuctoBye E-miana3zon (BikHo 1400 HM) 110 J103BOJISI€ PO3UIUPUTH MOKIUBOCTI
onTUYHUX Mepexk. AHajmoriuno WDM TexHOJIOTii ICHYIOTh SIK OJIHOBOJIOKOHHI SIK 1
nBoBoJiokoHHI CWDM pimennst. CtanapTHI peanizalii iCHyITh 11 3-X, 4, 6, 8, 16,
18 moBxkuH XBUJIb. TumoBa cxema peatizailii 0JJHOBOJIOKOHHOTO PIIIIEHHS MMOKa3aHa

Ha puc. 1.9.

Lo el ____ b AL+A2+A3+..... +An

Pucynok 1.9 - Tunosa cxema pimenass CWDM

BpaxoByroun Te, 10 A KaHamy Tepenadl MaHuX HEOOXIHO OpraHi3yBaTH

KaHaJl Tiepe/iayl Ta KaHall IpUioMy, JUIsl KOKHOTO OTOKY BUKOPUCTOBYETHCS O JBI
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JOBKMHU XBWIl. BiAmoBinHO, Hampukiaj, B pilleHHI Ha § JOBXHH XBWIb B
OJTHOBOJIOKOHHOMY DiIlIEHHI MOKHA NiepeaTH 4 OTOKH.
[Ipu mobynoBi nBoBoiokoHHOr0o CWDM pileHHst KUIBKICTh MOTOKIB Tepeaadl

JAHUX JTOPIBHIOE KUTBKOCTI IOBXKUH XBWJIb, IO YIIUTBHIOIOTHCS.

1.3.4. IMnyJibCHO-KO10BA MOIYJISIIIist
JIJisi iepeTBOPEHHsI aHAJOrOBOTO Telle(POHHOTO CUTHaNy B LU(poBy (opmy
BUKOPHCTOBYETHCA METOJ] IMITYJIbCHO-KO/I0BOT MOAYJISIII, OCHOBAaHUN HA YaCOBOMY
MYJIbTUILIEKCYBaHHI.
CrpoliieHo iMITyIbCHO-K010BY Moyiaiito (IKM) moskHa po36utu Ha 3 eTanu:
1) 3HIMaHHA 3Ha4eHb a00 YacOBA JUCKPETU3ALIIS;
2) BinuudpoByBaHHS a00 NUCKPETHU3AIIA IO PIBHSX;

3) nBiiikoBe koayBaHHs (puc. 1.10).

14

Yacora
HCKDETHRA

FeantyEauus no
PIEHAM

Pucynoxk 1.10 - IMnynbCHO-KOJI0Ba MOJTYJISIIS

[Ipuctpiif, MO BUKOHYE TMPOLIEC MEPETBOPEHHSI AHAJIOTOBOIO CHUTHANY B
1udpoBy dopmy HaszuBaeThes nepBuHHANM [KM MmynbpTumexkcopoM. Bin BUKoHYe 1Bi
OCHOBHI (DYHKIIIi:

1) mepeTBOpEeHHSI aHAJIOTOBOTO CUTHATY B IUGPOBY dhopmy;
2) ¢opMyBaHHS MYJIbTHUIUIEKCOBAHOTO ITU(POBOTO MOTOKY JTAHUX.
IKM 06a3yerbest Ha Teopemi HaiikBucrta — KoTenbHUKOBA, B SIKi TOBOPUTHCS

HACTYyMHE: JJIsi OJTHO3HAYHOTO BIJHOBJICHHS AaHAJIOTOBOTO CHUTHANY 13 HH(POBOI
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dbopMu YacTOTa YaCOBOI MMCKpETHU3aIlii TOBUHHA OYTH HE MEHII HIK B 2 pa3ul BUIIEC
BEPXHBOI YaCTOTH BUX1THOTO aHAJIOTOBOTO CUTHAIY.

Y pesynpTaTi 4YacoBoi auckpeTusamii (dactora auckpermsamii 8 KI'm)
OJICPKYIOTh B1IOOPaKEHHS, SIKE HA3MBAIOTh CUTHAIOM [AM (iMITyJIbCHO-aMILTITy THA
Monynsamisi). Jlami  med  curHanm  miagaeTbes  BIAUU(pPOBYBaHHIO.  MeToro
BIAMGPOBYBAHHS € TIPU3HAYCHHS KOXXHOMY BIIOOpPaKEHHIO IIE€BHOTO PIBHSA
ammutitynn (128 abo 256 piBHIB ammuiiTynu). Jlias HAcTymHOro KOAYBaHHA Yy
nBifikoBUM BuA mnpu 128 piBHAX 3HamOOuUTHCS 7 Oit, mpu 256 — 8 OIT.
BinuudpoByBanns 31 128 piBHAMHM BUMaratuMme IIBUAKOCTI mepenadl 56 Ko/c, npu
256 — 64 K6/c. B3arauni, aJist IKICHOTO TTOJaHHSI aHAJIOTOBOTO CUTHANY (Tele(OHHOrO)
Heo0xigHo 2048 pisnis (2!") mwo Bumarano 6 mBuakocTi nepenadi 88 Ko/c.

[Ticns Binuu@poByBaHHA 311 CHIOETHCS JBIMKOBE KOJTYBAHHS 3HAUEHb.

JI1s1 TpaBUIIBHOTO BITHOBJICHHS BUX1JTHOTO CUTHAJTY JIaH1 TOBUHHI OYTH IMOJ1aH1
Ha 1U(GPO-aHAIOTOBUN TMEPETBOPIOBAY 3 TIED CaMOI0 IIBUIKICTIO, 3 SKOIO
3MIIACHIOBAJIOCS] BHXIJHE MepeTBOpeHHs. [lepeTBoproBau BUJa€e HAa BUXOJl HAIpyry,
mo Bianosimae 8000 3usTHM 3HaueHHsM. Popma curHany Onm3bka 110 GopMH
BUX1JIHOT'O aHAJIOTOBOI'0 CUTHAJTY MIiCJsl BIAMOBIAHOT (hUIbTpallii.

OcnogHi npodnemu [KM — crnotBopeHHs! curHaimy (HEO0OXiqHO 301IbIITyBaTH
4acTOTY YacOBOi JUCKpETU3allil) 1 MOMIIKH BiAIU(POBKH (MOB's13aH1 3 0OMEKEHOIO
KUIBKICTIO PiBHIB amMIuniTyau). KpiM 1poro, npu Maiaux aMIuiiTy1ax CUTHAJIy MaroTh
MicIle IIyMH BIAUU(PPOBKU, TOB's3aHI 3 JHIHIKHUM JBIMKOBUM KOJyBaHHSAM. Jliis
YCYHEHHS OO HEJO0JIIKY 3aCTOCOBYIOTh CXEMH HEJIHIMHOTO KOJIyBaHHSI, KOJIU
MOJAaHHS 3MIH CHUTHAy Majoi aMmIUNTyAu 3I1ACHIOETHCS OUIBIIOK KUIBKICTIO
KOJOBUX KOMOIHAII, HDK Y BHUMIAAKY BEJIMKOI aMIUNTYAM CHUTHaly. 3a3BU4Yaid
BUKOPUCTOBYIOTh JIOTapu(MiuHI 3anexHocTi. Takl cXeMH HENIHIHHOrO KOJyBaHHS
HasuBaroThes -3akoH ([liBHiuHA AMmepuka, SAnoHist) 1 A-3akoH (€Bpora).

Amnaparypa [IKM mMepex (MyJIbTUIIEKCOPH, AEMYJIbTUILIEKCOPU, KOMYTaTOPH)
MpaIloe y PEeKUMI PO3IOILTY Yacy, Mo 4yep3l 00CIYyroByIOUU MPOTITOM ITUKITY CBOET
poOoTHu Bci BXimaHI aO0oHeHTChKI kaHamu (puc. 1.11). TpuBamicTe MUKy CTAaHOBHTH

125 wmxc. KoxxHOMy aOOHEHTCHKOMY KaHaldy BHUIUISETHCS OJUH TaWM-CIIOT,
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TPUBAIICTh SIKOTO BHU3HAYAETHCA YHUCIOM BXIAHUX aOOHEHTChKHX KaHamiB (125

MKC/N, e N — 9rCIIO BXIIHUX KaHaIiB).

3'¢AHAHHA 2-9

KomyTtatop
TDM

O6oima

bythepxa

nam'ATe

N
I
1

3anuc

YuTaHHA

N[ B f

Pucynok 1.11 - Anaparypa IKM mepex

MynpTurmiekcop npuiiMae nadi no N BXIJHUX KaHalax, KOKHUU 3 SIKUX Mae
mBUAKICTh 64 KO/c. Y KO)KHOMY UK MYJIBTUTIIIEKCOP BUKOHYE HACTYITHI (DYHKIIII:
1) mpuiiom 3 KOXKHOTO KaHajy YEproBOoro 0aTy gaHux;
2) ¢opMyBaHHS 13 TPUUHATHX OaWT YUIIJIBHEHOTO Kajapy, SKUM HAa3UBaIOThH
0001MOI0;
3) nmepenava 000¥WMH Ha BUXIJHUN KaHal 3 01TOBOIO MIBUAKICTIO NXx64 K6/c.
[Topsimox OaliT B 000iiMI BIAMOBiJIa€ HOMEPY BXITHOTO KaHaly, 3 SIKOTO BiH
OTPUMAaHMUM.
JleMyIbTUIIEKCOP BUKOHYE 3BOPOTHE 3aBJIaHHS — PO30MBAE OTPUMAHUMN Kaap
Ha 0aiiTH 1 mepesae iX 1Mo 4ep3i Ha BUX1IHI KaHAJIHM, BBAXKAIOUW TIPH IILOMY, 1110 HOMED
OaiiTa B KaJpi BIJMOBIIa€ HOMEPY BUX1HOTO KaHAIYy.
KomyTtaTop mpuiiMae kajp Ha IIBUIKOCTI KaHATy 1 TEpecTaBisie OallTH B

o0oliMi BIMOBIIHO A0 BcTaHOBJIeHUX 3'eaqHanb. He Bci 64 K6/c Ha abGoHEHTChKOMY
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3aKIHYE€HHI BUKOPUCTAIOTHCS 7S TIepejadl JaHUX KOPUCTYBayiB. Y NEAKUX CUCTEMax
1 6iT 3 8-MH BHKOpPUCTAETHCA A Tiepenadi ciry>k00Boi iHGopmariii (Makcumym 56
K6/c nnsa nepenaul jaHUX KOPUCTYBadiB), B 1HIIMX CHUCTEMaXx JJis CIY>KOOBHUX ITLICH
BUKOPHCTOBYETHCA §-1 OIT Y KOXKHOMY 6-My BiJI0OpakKeHHI.

Mepexi Ha ocHoBl IKM moTpeOyroTh CHHXPOHHOI POOOTH BCIX IPHUCTPOIB
(cuHxpoHHMM pexuMm mnepemadi). [lopyiieHHsS CHHXpOHI3aIli MPUBOIUTH [0
nopyuieHHs: komyTanii aboHentiB. Ha ocnoBi IKM cuctem 0yayroThest Mepexi ABOX
TEXHOJIOTIN: TUIE3NOXPOHHOI (Maiike CHHXpOHHOI) IMdpoBoi iepapxii (PDH) 1

CUHXpOHHOI I PpoBoi iepapxii (SDH).

1.3.5. CunxpoHi3auisi eJJeMeHTIB Mepexi

Jlist opranizanii oOMiHy JaHMMHU MpUAMad 1 nepeaaBad NOBUHHI CHOBIIIATH
OJIMH OJTHOTO IPO TOTOBHICTH 10 MpuHoMy il mepenadl, iHGOpMyBaTH MPUCTPOI HPO
NOBIIOMJICHHS, 10 NepenatroThes. Lleil mpouec € 4acTHHOI MPOTOKOJY 3B'SA3KY H
Ha3UBa€ThCs cUHXpoHizaiieto [O: 1, 2].

VY BuUMajgKy HEBEIMKOI BIJICTaHI MK MPUCTPOSIMU MEpEexl A 3a0e3MeUeHHs
CUHXpOHI3allii Moke OyTM BUKOpUCTAaHa OKpema (Qi3uyHa JiHisA, 00 AKIA
NepearnThCsl CUHXpOCUTHAIN. CUHXPOCUTHAIU BUKOHYIOTh /1Bl OCHOBH1 (DYHKIIII:

1) 3a0e3reuyroTh HACTPOIOBAHHS TIpHiiMava Ha JaHi, 1[0 HAJAXOASATh, MEPII HI’K BOHU
HaJIIATYTh 0 MpUiimaya;
2) mMATPUMYIOTh CHHXPOHI3aIli0 MpUiiMayva 13 01TaMH TaHUX, [0 HAAXOSATh.

VY BuNagKy BETUKHX BIJICTAHEH MOXIIMBE TMOPYLIEHHS CHUHXPOHI3AIll MK
npuitmademM 1 nepenaBadueM. @DI3MYHI  XapaKTEPUCTUKU  JIHIA  mepenayl
CUHXPOCUTHAJIIB 1 1HQOPMAIIHHUX CUTHAJIB 3aBXKIU OYIyTh MaTH JIESIKI BIAMIHHOCTI,
10 MPU3BOJUTH JI0 BIAMIHHOCTI y MIBUAKOCTSX MOMIMPEHHS CUTHAIIB y IUX JIHIAX.
Y pe3ynbrari, CHUHXPOCHUTHAJI MOXXE BIOBUIBHIOBATUCS a00 MPUCKOPIOBATHCS
BIJIHOCHO 1H(OPMAIIIHHOTO CHUTHAIIy, [0 MOXE MPU3BECTH JI0 HEY3TOJKEHOCTI
npuiimMava i mepenaBaya. Y I[bOMY BHUMNAAKy OUTbII €()EKTUBHUM € BUKOPUCTAHHS

CUHXPOCUTHAJIIB BOyZOBaHMX y 1H(OpMAIliifHI MOBIIOMJICHHS, M0 MepeaaroThCs,
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3aMicTh OKpemoi (i3uuHOi JiHIi s mepeaadl cuHXpocurHamiB. [{ns mboro
BUKOPHUCTOBYIOTBCS KOJM, III0 CAMOCHHXPOHI3YIOThCSI.

[Ipu BUKOpHCTaHHI KOy, IIO CAMOCHUHXPOHI3YEThCS, TPUHMAOYUN MPUCTPIid
MO3Ke MEePIoNYHO MepeBipsie cede, M00 mepeKoHaTHCs, 110 BIH OMUTYE JIIHIIO caMe B
MOMEHTH HAJXOJKeHHsS 1H(opMariiHux OiTiB. s 1poro moTpidHO, mo0 y JiHii
JTy’K€ 4acTO 3MIHIOBAJIUCS MapaMeTpH €JIEKTPUYHOTO CUTHaNy. lnes mossirae B ToMy,
00 KOAYBaHHS MPU3BOJAMIIO JIO PETYJSIPHUX 1 YAaCTHUX 3MiH PIBHIB E€JIEKTPUUHOTO
curHaiy B JiHii. L1 3MiHH 103BOJIAIOTE y NMpUMadl po3aiIsaTy JIoriuHl «0» 1 «1» 1
BIJICTIIIKOBYBATH CTaH JIiHIL 1Jis1 HacTporoBaHHs. CTpoOyBaHHs a00 ONMUTYBaHHS JIHII
3BUYANHHO MPOBOJUTHCS MPUUMAUEM 13 MIBUAKICTIO OUIBIIIOO 3a MIBUJIKICTh NIepeaayi
JAHUX JIJ1s1 OUIBII TOYHOTO BU3HAYCHHS €JIEMEHTIB JIAHHX.

Bci cxemu KoJlyBaHHSI MOHA PO3LIIUTH Ha 2 KIIACH:

- (pi3uuHe KOyBaHHS - BU3HAaYa€ (OPMY EICKTPUUHOTO CUTHATY B JIIHIT;
- JIOT14HE KOJyBaHHS - 3aMIHS€ OJHY O1TOBY MOCIIIOBHICTH 1HIIIOIO.

Haii0inmpm1  pO3MOBCIO/KEHI  HACTYyHHI CXEMH  JIBIMKOBOro  (pi3MyHOro
KOJTyBaHHS:

- YHINOJIIPHUM KOJ - Halpyra BCiX CUTHaliB ab0 HE HeraruBHa, abd0 He
no3uTuBHA (Hanpukiag, «1» - 0B, «0» - +3B);

- TIOJISPHMM KOJ - CUTHAJI Ma€ TTO3UTUBHI i HETaTUBHI MOTEHIIAN (HAPUKIa/,
«0» - +3B, «1» - -3B);

- OIMOJISIPHUM KOJI - 3MiHA CUTHAJY B1I0YBA€THCS MIXK 3-Ma PIBHIMU;

- koa AMI - 11 KolyBaHHSA JIOTTYHOT «1» BUKOPUCTOBYIOTHCS IMITYJIBCH P13HOT
MOJISIPHOCTI.

@Di3uuHI KOAW MOAUSIFOTHECSA HA MOTEHIIANBHI Ta IMITYJIbCHI. Y MOTEHIIaTbHUX
kojax misa moaaHHs «0» 1 «1» BHUKOPUCTOBYIOTHCS MEBHI PiBHI MOTEHINANIB, a B
IMITyJIbCHUX KOJaX BHUKOPUCTOBYIOTHCS a00 IMIYJbCH PI3HOI MOJISIPHOCTI, a00
(bpOHTH IMITYJIBCIB.

Ha 6a3i po3risiHyTuX cxeM OyJIyroThCsS HACTYyIHI OCHOBHI (PI3M4HI KO (pHC.

1.12).
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Pucynok 1.12 - Tunu ¢i3udHuX KOA1B

NRZ (xon 6e3 moBepHEHHS 10 HyJs) - MOTCHLIAJIBHUNA KOJ, y SIKOMY piBHI
MOTEHIIATIB 3aJIUIIAIOTECA MOCTIMHUMHU JJIS ITOCIIJIOBHOCTI OJHOMMEHHHX OIT.
3a3Buuaii, HU3bKUW PIBEHB BIAMOBIJIA€ JOTTYHOI «1», BUCOKUH - JToriuHOMY «0». Mae
HAWTIPOCTINIYy cXeMy peanizailii, epeKTUBHO BUKOPHUCTOBYE YAaCTOTHY CMYTYy KaHaly;
MIBUAKICTh Yy 00Jax BIANOBiJIae MpomyckHid 3natHocTi 0iT/c (1 Oom = 1 Oit/c).
HenmonikoM maHOTO KOAY € BIJICYTHICTH BJIACTUBOCTI CaMOCHHXPOHI3AIlli - JOBT1
noci10BHOCTI «0» abo «1» He mpu3BOAATH 10 3MiHM cTaHy B JiHIi. Kox Moxe Oytu
MOJISIPHUM a00 OIMOJIIPHUM, HE BUMArae CXeM KOJIyBaHHS-JICKOTyBaHHS.

RZ (ko 3 moBepHEHHSIM 710 HYJIS) - OIMOJIIPHUN IMITYIbCHUM KoA. st
MOJaHHs KOKHOT0 01Ta CUTHAJN Y JIiH11 3MIHIOETHCSA, IIOHAWMEHIIIE, OJUH pa3. Y
pE3yNbTaTi KOJI Ma€ TapHi BIACTUBOCTI CaMOCHHXpOoH13aIlii. Hexpomik nanoro komy -
noTpiOHA MMOABOEHA IBUKICTh y Oos1ax Juist nepeaayi ogHoro Oita nanux. Kog
3aCTOCOBYETHCS B JIA3EPHUX 1 ONTOBOJOKOHHUX CHCTEMax Tepenadi, y IesKuX
TEXHOJIOT1SIX JIOKATHbHUX MEPEK.

ManuecTepcbkuii koa - mis nomaHHsS «0» 1 «1» BHUKOPUCTOBYETBCS (PpOHT
iMysscy. Kop 3abesneuye 3MiHy CTaHy cepeoBHINA Mepeaayl Jjis KOKHOro 0iTa 1

Ma€ TapHI BJIACTUBOCTI camocuHxpoHizamii. Takox sik 1 RZ kon, MaHuecTepchKmii
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KOJ BHMMAara€ IIOJBOEHOI MIBMAKOCTI B 0Oojax s mepenadi  OiTa JaHUX
(BukopucToByeThcsi B TexHonorii Ethernet Ha koakciampHOMY KaOenmi, TEXHOJOTIT
IBM Token Ring).

Konx AMI a6o NRZI (6imonsipHuii 3 MOYEproBOIO 1HBEPCI€IO PIBHIB) - IS
NOJIaHHS JIOTIYHUX «1» BHUKOPUCTOBYIOTHCS IMIYJIBCH PI3HOI MOJSIPHOCTI -
HOJIIPHICTh  IMIYJbCY HACTyNHOI «l» MpOTWIIEKHA MOJSPHOCTI  IMILYJIbCY
nonepennboi  «1». Ilpu BUKOpHUCTaHHI JaHOTO KOXYy MOMKJIHMBI MpoOnemMu i3
CHHXPOHI3AIE TPH Mepeiadl JOBIUX MOCTioBHOCTEH «0», sIKI HE MPUBOIATH 0
3MIHM CTaHy JiHii.

JUIs NOMIMIIEHHS BIACTUBOCTEM CHUHXPOHI3Alll MOTEHIANbHUX (PI3UYHUX

KOI[iB BHKOPHCTOBYIOTBECA CXCMHU JIOT1YHOT'O KOOYBaHHA.

1.3.6. Jloriune KogxyBaHHS

JloriyHe KOJyBaHHSI BUKOPHUCTOBYETHCS Pa3oM 3 MOTEHINIAIbHUMU (DI3UUYHUMU
KOJaMU ¥ J103BOJIsI€ BUPIITYBaTH HACTYMHI 3aBaanHs [O: 1, 2]:

- YCYBa€ JOBT1 MOCIIAOBHOCTI OAHOTHITHUX OIT - «0» abo «1», momnmyrouH,
TaKUM YUHOM, BJIACTUBOCTI CAMOCHUHXPOHI3aIIi1;

- TIOJICTTITY€E BUSABJICHHS IMTOMUJIOK ITepeIayi.

[Ipu norivHOMY KOAYBaHH1 BUIUISIOTH HACTYIHI T1IXOIH:

- HAJIJTUTITKOBE KOTyBaHHS;

- CKpeMOJTFOBaHHS.

HapaumkoBe KOAyBaHHSI TPYHTYEThCS HAa  PO3OMBII  MMOYATKOBOI
MOCJIJOBHOCTI OIT Ha MEBHI MOPIIii, 110 Ha3UBAaIOThCS cuMBoiaMu. [10TiM, KOKHMIA
MOYAaTKOBUN CHMBOJI 3aMIiHSIETHCSI Ha HOBHM, KOTpUW OyZe MaTu OUIbIIY KIJIbKICTb
01T, HDK TouaTkoBui. Hampukman, noriunuii xkox 4B/5B, mo 3actocoByeThCs B
texnoJiorisix FDDI 1 Fast Ethernet, 3aMmiHsie mO4aTKOBI CUMBOJIN JOBXKHUHOIO 4 O1TH Ha
HOB1 CMBOJIU JIOBXHHOIO 5 O1T. 3aBASKK TOMY, L0 PE3YJIbTYIOUl CUMBOJIA MICTATh
HAJUIMILIKOBUM OIT, 3arajbHe 4KClIo OITOBMX KOMOIHalIM y HuX Oyzae Oulblie, HIXK y
BHUX1JTHHX cuMBoIax ( 4B — KiIbKicTh KOMOIHAIIH /TSl BUX1THAX CHMBOJIIB CTAHOBUTH

2 y 4-omy ctyneHi, To0to 16; 5B - kiibKicTh KOMOIHAIIN AJi1 HOBUX CHMBOJIIB
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CTaHOBUThH 2 y 5-oMy cCTymeHi, To0To 32). ¥V pe3ynbrari 3 32 KOMOIHAI MOXHA
BiiOpatu 16, siki He OyAyTh MICTUTH JOBIHX IOCHIIOBHOCTEH MOBTOPIOBAaHUX «0»
a60 «1». [nm 16 koMOiHaIi#i BBaXKaOThCs 3a00poHeHUMHU. HaaxoKkeHHs KOXKHOI 13
3a00poHEHUX KOMOIHAII# Ha BXiJ MpHiiMaua BiApasy CBIAYUTH MPO MOMUIKY
nepenayi. CuMBOIIU koxy 4B/5B rapantyioTh, 10 npu OyIb-IKUX KOMOIHAIISX
01T y BUX1JIHIM MOCIIJOBHOCTI B PE3yJIbTYIOUIM MOCIIIOBHOCTI Oynie He Ouablne 3-X
OJTHAKOBUX O1TiB, 1110 TOBTOPIOIOTHCS.

Kpim moriuamx xofiB 13 7BoMa ctaHamu (B — GiHapHUX), € TakOX Koau 3 3-ma
ctaHamu. [IpuknazoM Takux KoAiB Moxke ciyxuTu koj 8B/6T. Y upomy kol ais
KOJyBaHHSI BUX1JJHOTO CUMBOJIY JOBXHHOIO 8 OIT BUKOPUCTOBYETHCS KOMOIHAIIA 3 6
TEpHApPHUX CHMBOJIB. Y TEepHApHOMY HAOOpi CHMBOJIB ICHY€ MO3WUTHBHA JIOT14HA
«l», mis momaHHS SIKOI 3a3BMYall BUKOPUCTOBYETHCS PIBEHb MOTeHIiany +3,5 B,
goriyauit «0», Mo mpencTaBiseTbess piBHEM noreHuiany 0 B, HeratuBHa joriyHa
«1», st mMoTaHHs SIKOT BUKOPUCTOBYETHCS piBEHB MOTeHINany -3,5 B. ¥V nanomy kot
KiIbKiCTh GiToBMX KOMOiHawii Oyne 2° = 256 — i BUXigHUX cuMBOJIB i 3% = 729 —
JUTSL PE3YNbTYIOUUX CUMBOJIIB. TakuM YHHOM HAAMIPHICTH JAHOTO KOy BHIIE, HIXK Y
kony 4B/5B. lIleit kox 3actocoByethes B TexHojorii 100VG AnyLAN 1 B
cnenudikarii ¢izuunoro piBHsa 100 Base-T4 texnounorii Fast Ethernet.

PeanizyeTbcss  JOriyHE  KOJMyBaHHA  IUIAXOM  MPOIIMBAHHS  TaOJUIh
NEpPeKOAYBAHHS B INpHiiMadax-neperaBadyax IOPTIB MEPEKHUX aJanTepiB 1
AKTUBHOTO MEPEXKHOTO YCTaTKYBaHHSI.

Crni 3a3HAUUTH, 10 TPU BUKOPUCTAHHI HAJJIMIIKOBUX JIOTTYHHUX KOJIIB, JJIS
3a0e3reueHHs] HEOOXIHOI TMPOMYCKHOI 3aTHOCTI JIHIT TepeaaBady MOBUHEH
MpaIfoBaTi 3 TIJBUINEHOI0 TaKTOBOIO YacTOTO0. Tak, MpuW BUKOPUCTAHHI KOMIY
4B/5B, nns 3ab6e3nedenHs mBuakocti 100 M6iT/c, TakToBa 4acToTa MOBUHHA OyTH
125 Mru (125 Mro x 4/5 = 100 M6/¢). Ognak, mpu BUKOPUCTaHH] IMITYJIbCHOTO KOTY
tuny RZ abo manuectepcrkoro, as 3abe3neuenHs mBuakocti 100 M6/c notpibna
Oyna 6 TakroBa yactora 200 Mru (HeoOxigHO /1Ba 602 115 Iepeaadi 0JTHOTro 0iTa).

CkpeMOJIIOBaHHS — TIEPEMINITYBaHHS JaHUX CKpPeMOJIepoM mepes] mepeaaucto

ix y miHito. CKkpeMOIIOBaHHS TOJISTaE B MOOITOBOMY OOYMCIICHHI Pe3yJbTYHOUOro
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KOAY BUXOJSYM 3 OITIB BUXITHOTO KOy W OTPUMaHMX Yy MOMEPEAHIX TaKkTax poOOTH
ckpeMOiiepa OiTiB pe3ynbTyrodoro komy. Hampuknax, s oOuuciaeHHS OITIB

PE3yABTYIOUOI0 KOJIy MOKE OyTH BUKOPUCTAHUM HACTYIHUMN JOTT1YHUI BUpa3:

bi =4, ® bi—3 D bi—5 )

ne, bi — pe3yapTyrounii 0IT Ha 1-My TakTi poOOTH CKpemMOIIepa;

A — BuUXigHMI OIT Ha 1-My TaKTI;

bi.3, bi.s — pe3yabpTyrodi 61T, OTpuMaHi Ha 3 1 5 TaKkTIB paHille;

@ - noriuna oneparis «BUKIIOYHE a00» (JOTaBAHHS 110 MOIYIIIO «2»).
Hpuxiaan

Buximgaa kom6igarisg: 10000001

B =A, =1
B,=A,=0
B,=A,=0

B,=4,®B,=0®1=1
B, =4, ®B,=0®0=0
B,=A, ®B.®B,=0®0®1=1
B,=4,®B,®B,=001®0=1
Bi=A4,®B, ®B,=1®0®0=1
Pesynbpryroua komOinaris: 10010111 - BigcyTHS MOCTIMOBHICTD 3 MIECTH «0.
[licns omeprkaHHs Pe3yibTyrOUuOi KOMOiHAIlli, puitMau rnepenae il aeckpemonepy,
110 BiTHOBITIOE€ BUXIJHY MOCTIJOBHICTH 3a JOTIOMOTOI0 3BOPOTHOTO TIEPETBOPEHHS:
¢, =bi®b,_, Db, .
IcHye me omHa Tpyma KOJiB, IO CTaBUThCSA JI0 KIJACy CKPEeMOJIOBaHHS,

3aCHOBaHa Ha IITYYHOMY CIIOTBOPEHHI JOBIOi MOCIITOBHOCTI «0» 3a00pOHEHUMHU

CHUMBOJIaMHU. Takum YUMHOM, HallpUKJIad, MOXHa MOJIIIIIIMTH ~ BJIACTHUBICTD
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camocuHXpoHi3aiii koxgy AMI, BcTaBisiroun B MOCHiOBHOCTI «(0» IMITYJIbC JIOTTYHOT
«1» HempaBuiIBHOI MossipHOCTI. [laHuil iMnynbsc He Oyae crpuiiMaTucs MpHiMaueM

K iHpopMariitauii 61T, a Oy/1e BAKOPUCTAHUM JIJI1 CHHXPOHI13aIlii.

1.3.7. MeToamn komyTaumii
3acTOCOBYIOThCS JUIsl Opradizaiii B KaHajax IMepefadi JaHuX JAEeKIJIbKOX
OJTHOYACHHUX CEaHCIB 3B'sI3Ky MiX pizHUMH By3namu [O: 1, 2]. AGoHeHTH 3'€qHaHI 3
KOMYTaTOpaMU 1HJIUBIAyaJIbHUMHU JHIIMH 3B'sa3Ky. KaHamu MiXK KoMyTaTopaMmu

BUKOPUCTOBYIOTHCS CIIIBHO BCIMa aboHeHTamH (puc. 1.13).

KOMyTaliiHa Xxmapa

=0

aboHeHT
e
— . .
NiHiA 38’A3KyY

A, B - aboHenTHn
K — xomyraTop

Pucynox 1.13 - [Ipukiag CTBOpEHHS KOMYTOBAHOT'O KaHAITy MK Mapor0 a0OHEHTIB

JUisi BU3HA4YEHHs €JEeMEHTa JaHMX BHUKOPUCTOBYIOTHCA TaKi TEPMIHH, SIK
«TIOBIIOMJICHHS», «OJIOK», «IMaKeT», «Kaapy». YacTo 11l TepMiHM BUKOPUCTOBYIOTHCS
B3a€MO3aMIHHO 1 MiJl yciMa HUMHU PO3YMIEThCSI CAMOCTIMHMUN 1 He3aJIeKHUI 00’ €KT
KepyBaHHsI Ta/ab0 JaHUX KOpUCTyBaua. Xouya 3BHYANHO TIIJI «IOBIJIOMJICHHSIM
pPO3yMIETHCST HAOIP JAHWX TPHUKIAJTHOTO MPOIeCy ab0 MPOTOKOJIB BEPXHIX PIBHIB,
«TAaKeTOM» Ha3WBalOTh €JIEMEHT JaHWX MEPEXKHOTO pIBHA, «KagpoM» - EJIEMEHT
JTAHUX KaHAJIbHOTO PiBHS.

[cayroTh 3 6a30B1 CXeMU KOMYTallii:

- KOMyTallisl KaHaMIB;
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- KOMYTaIlisl TAKETIB;
- KOMYTalIlisl TOBiJOMJICHb.

Mepexi 3 KOMyTaIll€l0 KaHaJIiB 1 KOMYTAIll€l0 IMaKeTIB MOJUIAIOThCA Ha 2
KJIACH: MEPEXi 3 JTMHAMIYHOIO KOMYTAIIIEI0 i MEPEXKi 3 MOCTIMHOIO KOMYTAITI€I0.

VY nmepmioMy BHMNAAKy MEpeka BCTAaHOBIIOE 3'€JHAHHA 3 1HILIATUBU
KOpPUCTYBaua Ha 4ac CeaHCy 3B'A3Ky Ha OCHOBI ajpecHoi iHdopmalii. ¥ apyromy
BUMIAAKY aJMIHICTPATOPOM MEpEXKi MPOMHUCYEThCS SKECh 3'€HAHHS dYepe3 BCl
HEOOX1THI POMIDKHI IPUCTPOi HA JOCUTHh TPUBAIMM 4Yac JJii OOMIHY JaHUMU MiX
Maporo BY3JiB (IIPUKJIIAIOM TAKOTO 3'€THAHHS MOXKE CIIYKUTH «BHUALICHA» JIHIA).

KomyTaniss kanamiB — oprasizailisi 0e3nepepBHOIO CKJIaJeHOro (hi3uyHOTO
KaHaJly 3 MOCIIJOBHO 3'€IHAHUX OKPEMHUX KaHAJIBHMX JUISHOK JIJIS TPSIMOi repeaadi
JAHUX MDK 1aporo By3niB. OKpeMi KaHalbHI JIISHKH 3'€IHYIOTbCS MK COOOIO
KoMyTaTopamu. [lpu TakoMy MeToji KOoMyTallii mepea Mepenayveto JaHUuX 3aBikKIU
HEOOXITHO BHUKOHATH TPOLIEAYpPY BCTAHOBJIEHHS 3'€IHAHHA, y XOJl SKOi U
OpraHi3ye€ThCcsl CKIajeHud kaHan. [lpukiamoM wMepexi 3 KOMYTAIl€l0 KaHaJiB
BUCTYyIIa€ KOMYTOBaHa TeledoHHa Mepeka 3araibHoro kopuctyBanus (KTM3K).

KomyraTopu, a Takok KaHaimu, IO iX 3’€IHYIOTh, IIOBHHHI 3a0e3leuyBaTH
OJIHOYACHY Tiepenady AaHWUX 3 JCKUIBKOX aO0OHEHTHMX KaHaiiB. I 1IbOro BOHU
MOBUHHI OyTH MIBHUAKICHUMHU W TIATPUMYBATH MYJIBTHUIUIEKCYBaHHS a0OHEHTCHKHUX
KaHaiB (4acTOTHE a00 4acoBe).

Sxmo 3'emHaHHd Moke OyTH BCTaHOBIEHE (HE BHYEpIIaHA EMHICTD
MariCTpaJlbHUX KaHAJiB, MO 3'€IHYIOTh KOMYTaTOpPH; BY30J, IO BUKJIHKAIOTh,
BUIbHUI), TO JUIs OopraHizaiii JaHoro 3'€HaHHS BUAUBIEThCA KaHal 3 (HIKCOBAHOIO
IPOIMYCKHOIO 3[IaTHICTIO 1 BY3JIM HAa TAKOMY 3'€/IHaHH1 MIOBUHHI MPAIIOBATH TUIBKU 3
JTAHOO MIBUAKICTIO TIepeayi.

Meron komyTailii KaHaIB JOCHTh HEE(PEKTUBHO BUKOPHUCTOBYE pPECYpPCH
MaricTpajJbHUX KaHaJIIB y BHUMAAKY MYJIbCYIOUOTro TpadiKy, XapakTEepHOIO s
3BUYAMHMX KOMITHOTCPHUX MEpeX. Y IbOMY BHUIAIKY, JaHi 10 KaHainy OyayTh
HAJXOJUTH 3 KIHIIEBUX MPHUCTPOIB MOPIIAMH, Y TPOMIKKAX MDK SKUMHU KaHai Oyze

«IPOCTOXOBATH.
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KomyTaniss makeriB — TMOBIIOMJIEHHSI KOPUCTYBayiB Yy BHUXIJTHOMY BY3Il
pO30MBaIOTHCSI Ha OKpeMi MaKeTH, KOXKHHUUA 3 SIKHX Mae aapecHy iHopMalliio,
HEOOXIJIHY JJIS JTOCTaBKHU IMaKeTa B MyHKT MpPU3HAYCHHS, 1 MOPSIAKOBUN HOMEp, AJIs
CKJIaJIaHHs MOBIJOMJICHHS B KIHIIEBOMY BY3:i. [[akeTu mepemaroThCsi 4epes3 Mepexy
K He3alexH1 1HopMalliifHi 00'eKTH.

Komyrtaropu mnakeTHoi Mepexi MaroTh OydepHy mnam'sTh g 30epiraHHs
MAaKeTiB, y BHUIAJKy SKIIO BUXIIHUK KaHan 3aiHATHN. Taka cxema [03BOJIsAE
3ra/KyBaTH MyJbcallii Tpadiky Ha MaricTpajabHUX KaHaiaX 1 € TO0CUTh €()eKTUBHOIO
JUTSL iepeiadl MyJIbCy04Yoro Tpadiky KOMI'FOTEPHUX MEPEXK.

[lepecyBaHHsi makeTiB MO MeEpexi 3AIMCHIOETbCA Ha 0a3l MapmpyTHOI
iHpopmartii. [Tpu iboMy BUIIISAIOTH JIBA PEKUMU TIEpeaayl:

- nevtarpaMHui (He3aliesKHA MapIIpyTU3allisd KOKHOTO MaKeTa);

- Iepejraya MAKETIB BIPTyaJbHUM KaHaAJIOM (Iepel MepeAayero JaHuX, Ha
OCHOBI 3allUTIB Ha BCTAHOBJECHHS 3'€IHAHHS MDK JBOMa BYy3JaMH Ye€pe3 BCHO
IPOMIXKHY MepexXy (POpMYyeThCs BIPTyaJIbHHI KaHai a0 BIpTyalbHE 3'€JHAHHS, IO
oJlepkye TeBHUM ineHTU(diIKaTop. Bel makeTu, mo Hauexarbh 10 J@aHOTO CEaHCY
3B'S3KYy, OYyAyTh BIJCUJIATHUCS TUIBKM TIO JaHOMY BIPTyaJbHOMY KaHally a0o
3'€THAHHIO).

[Ipu xomyTalii MakeTiB HEMOXKJIUBO TOYHO BU3HAUUTH MPOIYCKHY 3AATHICTh
KaHaly a0o 3'elHaHHsS MK maporo By3niB. lle moB'si3aHe 13 3aTpUMKaMu Ha
dbopMyBaHHS TAKETIB, MDKIIAKETHUMHU 1HTEpBaJIaMH, 3aTPUMKaMU B KOMYTaTopax 1
T.1. Ha eQeKkTuBHICTB ICTOTHO BILJIMBAE PO3MIpP MAKETIB - 3aHAATO BEIUKHUI HAOIMKae
0 MEpeXl 3 KOMYTall€l0 KaHaliB, 3aHAATO MaJuid 30UIbLIYE YacCTKy CIIy)OOBOi
1H(popmarrii.

KomyTranist moBizomjienb — nepegada €IMHOTO OJIOKY JAHUX Yepe3 MPOMIKHI
BY3JIM 3 OPTaHi3alli€l0 TUMYAacOBOTO 30epiraHHs IUX MaHUX y MaMm'siTi MPOMIKHHUX
By31iB. [Ipu npomy vac 36epiraHHst MOXe OYTH TOCUTh BEJIMKUM. 3a TAaKOIO CXEMOIO
3BUYAWHO TIepefaloTh TMOBIJOMJICHHS, 1[0 HE BHMAaralmTh HeraiHoi BIAMOBIAI

(HampuKIIa, eNeKTPOHHA ToIITa B pexumi off-line).
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1.3.8. AcHHXpPOHHAa/CMHXPOHHA NMepeaaya
VY OaraThox cHucTeMax Mepeaayl JaHuX MPUCTPOI A KOAYBAaHHS CHUTHAJIB
BUKOPUCTOBYIOTb NRZ  kox. Jlng  MmATPUMKHA  CHHXpPOHI3amii B JIHIL

BUKOPHCTOBYETHCS JIB1 IOMOBJIEHOCTI BigHOCHO hopmaryBanns [O: 1, 2].

1. AcuHXpoHHA nmepeaava.

BN Bz El

Koxuuit 6Gaiit ganux w™ictTuth 2 cioyx00Bux O0itH «Ctapt» 1 «Crom», sKi
MOMIIIAIOTHCA BIAMOBIIHO y MOYATOK 1 KiHElb OaiTa (1€ CUTHalW CHHXPOHI3aIlii).
IxHe npusHaueHHs:

- CIIOBICTUTH MPUKAMAaY MpO IPUXIJ JaHUX;

- JaTH TpuiiMady JOCUTh 4Yacy i BUKOHaHHS (YHKLIN, 3B'S3aHUX 3
CUHXPOHI3aIll€l0, O HAAXO/PKeHHS HacTynmHoro Oaiita nanux. bitm «Crapt» 1
«CTom» € crnemiaibHUMHU CUTHAJIaMHU, K1 PO3MI3HAIOThCA NpuiiMaueM. JlaHuil BUJI
nepeadyl  XapakTepU3YeThCsl MPOCTOTOK0 pealizallli, ajge JOCUTh Hee(PEeKTUBHO
BUKOPUCTOBYEThCSI KaHAJl 4epe3 BEIUKY KUIbKICTH ciyk0oBux OiT.  [Iupoko
3aCTOCOBYETHhCSI MpPU OOMIHI JaHUMH 3 TEpUPEPIMHUMHU  MPUCTPOSAMH, Y
OaratoTepMiHAIBHUX KOMILJIEKCAX, Y MOJieMaxX Ha KOMyTOBHIH JIiHii.

2. CuHXpoOHHA nmepeaaya.

Cunxpooaiit Baok nannx Cunxpooaiit

Koxxamit OJ0K JaHUX MICTUTh CHCIIaJbHUM €JIEMEHT — CHHXPOOaMT, IO
Ha3uBalOTh Tmpanopom. I[Ipamopu MICTATh 3a3gajieriib BiAOMY TMOCJIJOBHICTh
cuMBONIiB — 3a3Buuait 01111110. Ixns ¢pynkuis nondrae y cropileHHi npuitMaga mpo

NpUXig TaHUX. [Ipomniec momaBaHHsS CUHXpPOOAWTIB 10 OJOKY JAaHUX HA3UBAIOTh
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KaapyBaHHsAM. /[ Oinbln HaaiiHOT CHHXPOHI3AIl] MOKe OYTH BCTaBJICHO JCKIJIbKa
CUHXPOOANTIB.

TunoBuii CHHXpOHHUM opMaT Kaapy Mae Takuid BUrsa (puc. 1.14).

Ioue Iouse inenTnikanii Jani KonTposbHa nociinoBHicTs IIpanop
YIpPaBJIiHHA Kaapa

Pucynox 1.14 - TunoBuii cuHXpoHHUHN HopMaT Kaapy

HaHi, mo mnepeaaroThCs KaHalaMu, O(QOpPMIISIOTBCS y BUIJISII KaapiB, sKi

3a3BUYAll MICTATH, SIK MIHIMYM, II'ITh MOJIIB:

- CHHXpOOaiTH;

- TI0JIe KEPYBaHHS, 110 MICTHTh CIY»OOBY 1H(OpPMAIIil0, HEOOXIHY AJI1 KEpyBaHHS
MPOIIECOM TIepeaayl KaJapiB Mo Mepexi (peaiizye MpoTOKOJI Nepeadi KaJipiB);

- moJe imeHTudikamii - MICTUTH 1HMOpMaIo ais ieHTU(dIKaIli, SK MIHIMYM,
npuiiMaua (Hanpukiaa, GpizudHa ajpeca By3na);

- TOJIe JJAHUX - MICTUTD JIaH1 MPHUKJIATHOTO TIPOIIECY;

- T0JIE KOHTPOJIO TOMIJIOK a00 KOHTPOJbHA TMOCTIOBHICTh KaJpy - MICTUTH
1H(popMaIlito Uil BUSBICHHS MOMUJIOK TIepeiayi.

[Tone kepyBanHs, abo mose ieHTudiKalii MOXYTh MICTUTH TaKOX TOPSIKOBI
HOMEpPH KaJpiB, HEOOXIJAHI JJIi MEpPEBIPKH MPABHIIBHOCTI HAJIXOUKEHHS KaJpiB,
peanizallii MOBTOPHOI Nepeaadi MOMIIKOBUX KaJpiB, CKIAJaHHS 3 KaJpIB €IUHOTO
MOBIJTOMJICHHSI.

Cnig 3a3HAYUTH, 110 HE BC1 KAJpU MICTATH AaH1 KOPUCTyBaya. 3HAYHY YACTUHY
MEpeXHOro Tpadika CTAaHOBJIATH JOMOMDKHI Kajpu abo ciIykO00Bi Kaapu, IO
BUKOHYIOTH 1HTEp(EiCHI i MPOTOKOIbHI QYHKIIII. Y TaKuX Kagpax MoJie TaHUX MOXKE
OyTH BIJICYTHE.

KoHTponbHa MOCHIZOBHICT, KaJApy BHKOPUCTOBYETHCS ISl  BHSBICHHS
NOMHJIOK mepenadi Aanux. CTaHAapTHO 3aCTOCOBYETHCS HACTYIMHUN aITOPUTM:
BIJMOBIIHO 7O TEBHOIO MATEMaTHYHOIO BHpa3y (3a3BUyYail CTENEHEBUU psn),
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BUKOPHCTOBYIOUH SIK apTyMEHTH BMICT 1HIIMX MOJIB KaJpy, MepefaaBad MPOBOAUTH
OOYHCIIEHHS ¥ 3amucye OTpPUMAaHE 3HAYEHHS B IOJE€ KOHTPOJIBHOI MOCIIJOBHOCTI
kaapy. Ilpuiimad, oneprkaBIIM Kajp, pOOUTH aHAJIOTIYHI OOYMCIICHHS M IOPIBHIOE
OTpUMaHe 3HAYEHHS 31 3HAYCHHSM, 3aIIUCAHUM Y TIOJIl KOHTPOJIBHOI MOCIHIJOBHOCTI.
SIKII0 i BENIMYWHM CITIBIANN, TO € BEIMKAa WMOBIPHICTH TOTO, IO KaJap NepeaaHui
6e3 momuiok. Llei mporec Ha3MBAETHCS MUKIIYHUM KOHTPOJIEM IO HA/TUIIKOBOCTI
(CRC).

HaBenenuit TumoBuii popmar Kaapy 3aCTOCOBYETHCS Y BCIX TEXHOJOTISNX, IO

BUKOPUCTOBYIOTh CUHXPOHHY Me€pe/layy Ha KaHAJIbHOMY PIBHI.

IuTanHs NI caMonepeBIPKN Ta KOHTPOJIIO 3ACBOEHHS 3HAHb

BusnaunTtu, sixi nmpuctpoi Hanexath 10 KY /[ (DTE) nmpuctpois.
Busnauntu, sixi nmpuctpoi Hanexath 10 AKJ] (DCE) npuctpois.
BusHnauuTy, 3 SKHX CKIIQOBUX CKJIAIA€ThCS KOMYyTAIllifHA XMapa.

Busznauutu, 1110 po3ymierbes mif Tpadikom.

A e

Busnauntu, sikuii 3 HaBeICHUX METO/IIB MIATPUMYE Mepeaady JaHUX B 000X
HampsiMKax (AyTJIEKCHUMA, HaIIBAYIIJICKCHUN, CUMITJIEKCHUM ).

6. BusHauuTu, sikuii 3 HaBeACHUX METOIB MIATPUMYE TIepeIady TaHuX B 000X
HaIpsMKax OJHOYACHO (AYTUIEKCHUM, HAMIBIYTUIEKCHUM, CUMITJIEKCHU ).

7. BuzHauuTy, M0 pO3yMIitOTh Mij iHGOPMAIIIITHIM KaHAJIOM.

8. BusHauuTH, CKIbKU 1HPOPMALIHHUX KaHAJIB MOXKE OJJHOYACHO ICHYBaTH B
OJIHOMY CEpEeIOBUILI Mepeayl.

9. BuznauuTy, siki (pakTOpU BILTUBAIOTH HA MPOMYCKHY CIIPOMOXKHICThH KaHATY.

10. BuzHauuTty, siki (pakTopy BILUTUBAIOTH HA CIIOTBOPEHHS 1H(OPMAIIHHOTO CUTHAITY.
11. Buznauuty, 1o po3yMitOTh i MOIYJTYIOUYMM CUTHAIIOM.

12. JlaTH OLIHKY, IO XapaKTepU3ye MIBUIKICTH y 00/ax.

13. IIpoananizyBaTy Ta BU3HAUYUTH, YU CIIBIAJAIOTh IMIBUIKICTh Y 0071aX 3 61TOBOIO

MIBUJIKICTIO.
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14. JlaTu OLIIHKY, SIKE€ CIIBBIIHOIIECHHS M1 O1TOBOIO MIBUJIKICTIO Ta MIBUAKICTIO Y
001ax B cucTeMax 3 4-X pIBHEBOIO aMILTITYTHOIO MOIYJISAIIIETO.

15. Jlatu OIIHKY, SIKE CITIBBIAHOIICHHS MK O1TOBOIO MIBUAKICTIO Ta IMIBUJIKICTIO Y
6oxax mpu BukopucTtanui NRZ-kony.

16. JlaTu OIIHKY, SIKE CITIBBIAHOIICHHS MK O1TOBOIO MIBUAKICTIO Ta IMIBUJIKICTIO Y
0oJ1ax Tpu BUKOpUCTaHHI RZ-koxy.

17. JlaTH OIIHKY, SIKE CIIBBIIHOIIECHHS M) O1ITOBOIO MIBUKICTIO Ta MIBUAKICTIO Y
00/1ax TIpU BUKOPUCTAaHHI MaHUYECTEPCHKOTO KOJY.

18. BuzHauuTH, 1715 IKMX L1JI€H BUKOPUCTOBYIOTh METOJM KOHUEHTpAIlii.

19. BuzHauuTy, 17 SKUX LH1JI€H BUKOPUCTOBYIOTh METOJIM YIIUIbHEHHS.

20. [IpoananizyBaTu NpUHIIK POOOTH MYJIBTUILIEKCOPY Ta BUSHAYUTH, KOJIH JIaHi 3
BXI1JIHOT'O KaHaJTy MOXKYTbh OyTH niepeiaHi 0 MyJbTUILICKCOPY.

21. [IpoananizyBaTu IpUHIIK POOOTH MYJIBTUILIEKCOPY Ta BU3HAYUTH, B SIKOMY
MOPSAAKY MYJIBTHILICKCOP BUAUISE TAMM-CIIOTH JIJIS TIepeadl JaHUX 3 BXITHUX
KaHaJiB.

22.Bu3HaunTH, Y1 MOXKHA pealli3yBaTH 4acOBE MYJIbTUILIEKCYBaHHS 0€3
BUKOPHCTaHHS MYJIBTHILUICKCOPY.

23. Ilpoanaini3zyBaTtu 0COOJIMBOCTI Ta BU3HAYUTH, IKUHA HEIOJIK 3BUYAHHOTO
4aCOBOT'O MYJIbTHUIUIEKCOPY YCYBa€ CTATUCTUYHHUI YaCOBUM MYJIbTHILIEKCOP.

24. [IpoanainizyBaTH 0COOJIMBOCTI Ta BU3HAYUTH KPUTEPIH, IKHUIl BAKOPUCTOBYETHCS
JUTsl BCTAHOBJICHHS TIPIOPUTETIB B CTATUCTUYHOMY YaCOBOMY MYJIBTUILIIEKCOPI.
25. BuzHauuTH, 1 940T0 BUKOPUCTOBYETHCS YaCTOTHE MYJIbTUILICKCYBAHHS.

26. BuzHauuTy, sSsIKUid KOJ J103BOJIsSiE CHHXPOHI3YBaTH MpUiiMay Ta rnepeaaBay oe3
nepeaayi J01aTKOBUX CUHXPOCUTHATIB.

27. IlpoanainizyBaTtu 0COOJIMBOCTI Ta BU3HAYUTH, 5IKi 3 HABEJCHUX KOJIIB HE MalOTh
BIAacTUBOCTI camocuHxpoHizailii (NRZ, RZ, manuecrepcbkuit ko, kox AMI).

28. [IpoanainizyBaTi 0COOJIMBOCTI Ta BUSHAYHTH, K1 3 HABEJICHUX KOIB MAIOTh
BJIaCTUBICTh camocuHxpoHizallii (NRZ, RZ, manuectepcrkuii ko, kog AMI).

29. [IpoananizyBaTu 0OCOOJIMBOCTI Ta BU3HAYUTH, SIK1 KOJU BITHOCSATHCS 70 (PI3UUHUX.

30. IIpoananizyBaT 0COOJUBOCTI Ta BUSHAYUTH, SIK1 KOJU BIIHOCSTHCS JO JIOTTYHUX.
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31. IlpoananizyBatu 0COOIMBOCTI Ta BU3HAUYNTH, BAKOPUCTAHHS SIKOTO KOy
noTpedye MEHIO1 TAKTOBOT YaCTOTH MPU OJHAKOBIM MIBUAKOCTI Mepeiayi JaHuX.
32. IIpoananizyBaT OCOOJIMBOCTI Ta BUSHAYUTH, IKUH 3 METOJIIB KOMYTaIlii
HalKpaile miAX0AUTh AJIs Nepeaadl JaHUX KOMIT IOTEPHUX MEPEeK.

33. [IpoananizyBaT 0COOJHUBOCTI Ta BUSHAYUTH, IKHI 3 METOJ1B KOMYTaIlii
HalKpalle TiAXOAUTh AJis Iepeiayl roJIOCOBUX JaHUX.

34. IIpoanainizyBaTi 0COOJMBOCTI Ta BU3HAYMUTH, SIKUH 3 METOJIIB KOMYTaIlii
3abe3reuye MoCTINHY MBUIAKICTD NIepeaadl uepe3 IPOMIKHY MEPEXKY.

35. IIpoananizyBaTu 0COOJMUBOCTI Ta BUSHAYUTH, IKUI 3 METOJIIB KOMYTaIlii
rapaHTy€e MPOXOKEHHS yCiX MaKeTiB MO €JMHOMY MapIIPyTYy.

36. JlaTu OLIIHKY, TPU BUKOPUCTAHHS SKOTO MIIX0Y 10 (hOpMaTyBaHHS MEPEIaA€THCS
OuIbIIMI 00CAT CTyK00BOI 1HPOpPMAIIIi.

37. IlpoananizyBaTu (popMat KaJipy Ta BU3HAYUTH, SIKE TIOJIE MICTUTD aJIPECY
oJIep)KyBaya.

38. [IpoanainizyBaT (popMat Kaipy Ta BU3HAYUTH, SIKE MIOJI€ MICTUTb aJIPECY
BI/IMMPpaBHUKA.

39. llpoananizyBatu popMar Kajpy Ta BU3HAUYUTH, SIKE M10JI€ BUKOPUCTOBYETHCS IS
CHUHXPOHI3aIIii.

40. IlpoananizyBatu hopmaT KaJpy Ta BUBHAUUTH, SKE M0JIE€ BUKOPUCTOBYETHCS IS
BUSIBIICHHS TIOMUJIOK TIepeayi.

41. BusHauuTu, 1715 4Or0 BUKOPUCTOBYETHCS IPOLEAYpa LIUKITYHOTO KOHTPOJIIO 1O

HAJIUIIIKOBOCTI.
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2. ®PI3NYHE CEPEJIOBUIIE IIEPEJAUI

®di3uyHe cepefoBUIlE Tepelnayl MpU3HAYeHe [JIs MepeAadl JaHux 3a
JIOTIOMOTOI0 €JIeKTPOMAarHiTHUX curHaiis. [loginserscs Ha oOMeXeHe cepeloBHILE U
HeoOMexeHe cepenoBuiie nepenayi [O: 1, 3; 11: 1, 2].

OO0mexeHe cepeqoBHINE — CICKTPOMATHITHUN CUTHAJ MEPENAEThCS BCEPEAMHI
3aMKHYTOro mpocTtopy ((dhizmuHoro mpoBigauka). I[Ipukmagom o0OMEXEHOTO
CepeIOBUIIA BUCTYIIAIOTh Kabei Oyab-sSIKUX THUIIIB.

HeoOme:xeHe cepenoBuile — €JICKTPOMArHiTHUN CUTHAJI HE OOMEKEHUI STKUM-
HeOyb 3aMKHEHUM mnpocTopoM. [lpukimagoM HEOOMEXEHOro CepeloBUIa €
BIJIKpUTHIA edip.

Ha ocHoBi1 ¢i3uuHMX cepenoBuill OyayrOThCA KaOeabHI CUCTEMH 1 0€3pOTOBI

KaHaJIu HCpCIIEl‘Ii JaHUX JTOKAJIbHHUX 1 II100aJTBHUX MCPCK.

2.1. OCHOBHI XapaKTEePUCTUKU 00MEKEHUX cepeIOBHI mepeaavi

bynp-sika kabenbHa cucTeMa, MpU3HAYEHA [UIsl Mepelayl  eJNeKTPUYHUX
CUTHAJIIB, MOXK€ OyTH MNpeJCTaBi€HA y BUIJIAMI JOBrOi JHII 3 PO3MOJIIJIEHUMHU
napamMeTpamu, ki ¥ OyAyTh BH3HAYaTH OCHOBHI XapaKTEPUCTHKU JiHII mepemadi

(4acTOTH1 BIACTUBOCTI, IIBUAKICTh MOIIMPEHHS €IEKTPUYHOr0 cUrHany i T.m.) [O: 1,

3; I: 3,4, 5].

R L R L
L /Y'Y EVA'A'A'A W—
c | c |
R L T R L T
L /Y'Y EEVA'A'A'A WS in

Pucynox 2.1 - JloBra JiHis 3 pO3NOAIICHUMHU TTapaMeTpaMu
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Enexktpuyni  BmacTUBOCTI  JHII  XapaKTePU3YIOThCS 11 NEPBUHHUMU
napametrpamu (R, L, C), siki BU3HAYAIOTh AMHAMIYHI W YACTOTHI XapaKTEPUCTHUKU
JIHII.

R — omip mocriitHOMy cTpymoBi. UuM MeHIE L BEIWYMHA, TUM OLjbIle
3/IaTHICTh TIPOBIIHUKA MPOBOJUTU €IEKTPUUHUN CTpyM. [IpakTHUHO HE3aNECKUTH BiJl
4acTOTU. 3a3BUuYail HABOJUTHCA MUTOMHUN OMNIp Kabel Ha OJMHHUIIIO JOBXKUHU
(Om/M) abo omip KaOETBLHOTO BiApi3Ka MEBHOI MOBXKWHU (MOXKE HABOAWTHCS IS
kabenpHOro cermenTa qoBxkHUHOK 1000 dyTie (305 M) a6o 100 m).

C — eMHICTh, XapaKTEpU3y€ BJIACTUBOCTI EJIEKTPUYHHUX MPOBITHUKIB
HAKONMMYyBaTH CJICKTPUYHUHN 3apsa. Brucoke 3Ha4YeHHs] €MHOCTI B Ka0OeJi IPHBOINUTH
JI0 3HW)KEHHS CMYTW TPOIYCKAaHHS JIiHII W CIIOTBOPEHHSI €JIEKTPUYHOTO CHUTHAIY.
3BUYAHO HABOAUTHLCS MUTOME 3HAYEHHS €EMHOCTI Ha OJIMHUITIO TOBXUHU (H(]/M) abo
€EMHICTh KaOETBHOTO BiJIpi3Ka MEBHOI JOBXKHUHHU (MOXKE HABOJAUTHUCS JJIsi KAOEIBHOTO
cermenTa oBxkuHOI0 1000 dyTiB (305 M) abo 100 m).

L — IHAYKTHUBHICTH, XapaKTEpPHU3y€ BIACTUBOCTI EJIIEKTPUYHUX MPOBIIHUKIB
HAKOIMWYyBaTH €HEPTiI0 MarHiTHOTO TMOJIsL. XapaKTEepHU3ye eNeKTPUUHY 1HEPIIIHHICTh
CHUCTEMHU.

JIJIst OIIHKM XapaKTEePUCTHUK PI3HUX KAOCIbHUX CHUCTEM BUKOPHUCTOBYIOTH
BTOPHUHHI TMapamMeTpH, siki a00 PO3paxOBYIOThCS 3 MEPBUHHUX, a00 BU3HAYAIOTHCA
eKCIIEPUMEHTAIBHO.

Imnenanc (xBuiaboBuii omnip) Z (RB) — sBisie cob0r0 MOBHUM (aKTUBHHM 1
pEaKkTUBHUI omip JiHIi). 3anexuTh B TEOMETpli MPOBIAHUKIB 1 (PI3UYHUX
XapaKTEPUCTUK MaTepiaiiB MPOBIIHUKA i 130JISILI11.

BaxxnmBo, mo6 iMIieanc HaBaHTaKSHHS 30iraBcs 3 iMremaancoMm JiHil (ZH = Zn). Y
IbOMY BUMAJKY BCS €HEPris TEepeJaHOoro EJEKTPUYHOTO CHUTHATY IOTJIMHAETHCS
HABAHTAKCHHSM.

VY Bumnajaky, Konu ZH > 7, YaCTUHA €HEeprii curHaixy Oyne BiMOMBATHCS BiJ
KIHIIS JIIHIT W nomuproBaTycs Hazad. [loysipHIicTh BIZOMTOrO curHainy O0ye 30iraTucs
3 MOJISIPHICTIO BUXiTHOTO curHany. Komm Zu = oo («po3iMkHYyTa» JiHisg) Oy/ne Matu

MICII€ TTOBHE BIIOUTTS CUTHAITY.
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VY Bunaaky, koau ZH < Z1I TaKOXX YacTHHA CUTHATY BiJOMBAETHCA BIJ
HAaBAaHTA)XCHHA, aje TMOJISIPHICTh BIJOMTOTO CHUTHANY MPOTUJIEKHA MOJISIPHOCTI
BuxigHoro curHainy. Komu Zu = 0 («3akopoueHa» JiHIA) CIIOCTEPITAEThCA IOBHE
BIIOUTTS 31 3BOPOTHUM 3HAKOM.

Crnij 3a3HAYMTH, IO TPOIECH BIIOUTTS BIAOYBAIOThCS HE TUIBKM Ha KIHIISIX
JiHIi, aje W y Oyab-SKUX TOYKax JIIHII, y SKUX Ma€ MICIe BIAXWICHHS IMIIEJIaHCY BiT
HOMIHAJILHOTO 3HaueHHs. Taki BUMAJAKU BUHHUKAIOThH MPH 3'€IHAHHI KaOeiB 3 pi3HUX
napTiii, BHACTIOK HESKICHOTO BUTOTOBJICHHS KaOeo, a TAaKOX Ha po3’emMax, SIKIIO
iXHIM 1MIIEaHC BIAPIZHAETHCS BiJl IMIeAaHCy Kabemto. Jlo 3MiH imMIenancy B kabeni
NPU3BOJATh MOPYUIEHHSI T€OMETPIi MPOBIIHUKIB 1 13081011 (pi3Kl BUTMHU KaOelto,
po3TsiranHs). BimOuTTs curHany npu3BOASTH JO JIOJAATKOBUX CIOTBOPEHb 1 , SIK
HACJII0K, TOJaTKOBUX MIOMUJIOK TIepeIadi.

Mipoto cTyneHsi MOro/KEHOCT] IMIIeIaHCy € OCiabJIeHHS BIJOMTOTO CUTHAITY

a60 «3BopoTHi BTpatm» (R)):

U
R, =20lg —*4
I g Us

ne, Ua — aMIutiTy1a nepejaHoro CUrHaiy,
Ura — ammuniTy1a BiIOUTOr0 CUTHaNTY 3 OOKY IepeaBaya.
3aracanns (Att) — xapakTepusye BTPATH MOTYXHOCT1 €JIEKTPUYHOTO CUTHAITY,

IIPU MOro MPOXOIKEHH1 Yyepes JHII0.

U P
Att =-201lg =2 =—]10lg -
gUA gPA

ne, Us, Pao — ammunityza i moTyXHicTh nepeaaHoro curnainy, Ug, Pg — ammmityna i
MOTY>KHICTb IPUMHITOTO CUTHATY.
3aracaHHss ~ 3aJ€XHUTh Bl  YacTOTHM  CUTHalIYy. 3BUYalHO  Kabeni

XapaKTCPU3YIOTHCA «IIONOHHUM)>» 3araCaHHsM - 3araCaHHsM Ha OJWHHUIIO NOBXHWHU
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nb/m ( Moxke HaBogUTHCS ISl KabenbHOTro cermMenTta aoBxkunoo 1000 dytiB (305 M)
a6o 100 m).

Ilepexpecni HaBeaeHHsi. SIBIIIOTH CcO00I0 pe3yibTaT iHTepdepeHiii
€JIEKTPOMArHITHUX CUTHAJIIB, IEPEJaHUX MO CYCIIHIX Mapax MpPOBO/IIB.

U4 U,

™X  (CO00000CO00000C00C RX

RX (DO000C0O00000C000C0 TX

TX — nepenaBay «— —

RX — nmpuiimay U,, U,s
Pucynok 2.2 - IlepexpecHi HaBeeHHS

BunukaoTh 3a paxyHOK HAsSBHOCTI MMapa3UTHUX EMHICHUX 1 1HAYKTUBHUX
3B'S3KIB MK MapamMu. XapaKTepu3yrThcsl KOeIIEHTOM OCTa0JICHHSI TIEPEXPECHUX
HaBEJIEHb. 3BUUYAWHO PO3TIIAIAI0THCS HA OJMMKHBOMY BiJ TIepenaBayva KiHill Kademto (
TYT pO3TalIOBaHWW MpUKMayd IPYyroi Mapy, M0 MOKE CHPUNHATHA CUTHAJI HaBEICHHS
SK BX1JTHUM; MOTYXHICTh CUTHAJTY HaBEJCHHS TYT Oy/J1e MaKCUMAaJIbHOIO).

Mipoto 3aBagu € KoedillieHT 3aracaHHsi NepexXpecHOro0 HaBeJeHHS Ha

OmKHbOMY Bix nepegasava Kinni (NEXT)

NEXT =-201g l{]—“

A

ne, U,, - aMIUTiTyla HaBeJeHHs Ha OJMMKHBROMY BiJI IepeiaBaya KiHill JIiHii,

U, - aMIUTITyla CUTHAIY, 1110 IePEeIa€ThCS.

Jlist kabeniB BuTOi mapu kareropii SE(5+) 1 BuIie 101aTKOBO BBOASTHCS
napametrpu FEXT (koedimieHT 3aracanHsi nepexpecHoro HaBeJeHHs HAa

JaJBLHbOMY BiJl epegaBaya KiHIli)
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FEXT = —ZOZg% ,

A

ne U,, - aMIUTITy/ia HaBeJIeHHS Ha ATbHHOMY BiJI MIepeiaBaya KiHI JIiHii,

1 ELFEXT (exBiBajieHTHHI KoedilliEHT 3aracaHHs nepexpecHUX HaBeleHb )
ELFEXT = FEXT - Att.

Jlanuii mapaMeTp XapakTepu3ye EKBIBAJICHTHUH pPIBEHb 3aracaHHs MEpPEeXpecHOTro
HABEJICHHS, IO JOPIBHIOE PI3HUIII MK 3aracaHHsIM IEPEXPECHOr0 HaBEJCHHS Ha
JTaJbHBOMY BiJ MepeaaBaya KiHIN JIiHIT ¥ 3aracaHHsIM CHTHaJy, 1[0 BUKJIHUKAaB JaHE
HaBeJleHHA. YuM BUIIE LIeW mapaMmeTp, TUM OUIbIIIE 3aracaHHs BiacHE MMEepEeXpPecHOro
HaBEJCHHSI B MIOPIBHAHHI 13 3aracaHHsIM KOPUCHOT'O CUTHAITY.

KpurepieM MOKIIMBOCTI BUKOPUCTAHHS KAOEIBHOIO 3'€THAHHS JJI TyTUIEKCHOL
nepenaul € mnapamerp ACR — BiIHOUIEHHS 3aracaHHsi CUTHaJIy JO 3aracaHHs

NepPeXpecHOT0 HaBEJCHHS Ha OJIMKHBOMY BiJ MepeiaBaya KiHIli JIHii:
ACR = NEXT - Att.

Jlanuii mapaMeTp MOKHa TPAaKTyBaTH K BiAHOWIEHHs curHay/mrym. Komu ACR > 0,
piBeHb cuTHay Ounbiie piBHS mymy. ACR 3aJIe:KUTh BiJl 4aCTOTH CUTHay. YactoTa
curHaily, Ha sikih ACR = (), € rpaHU4YHO TNPHUIIYCTUMOK YacCTOTOK Jis JIaHOTO
kabemto. J{ns BimHOCHO HaaiHOI poOoTH ACR Ha MakCHMAaJIbHIN YacTOTI MOBUHEH
Oytu He meHtie + 2...+4 n1b. ACR 3a5iexuTh BiJl JOBKUHHA KaOEIbHOTO CErMEeHTa M,
3a3BUYall HABOAMUTHCS AJi cermenTa AoBxkuHo0 1000 ¢ytis (305 M) a6o 100 m.
3aeXHICTh HABEJIEHWX BUINEC IMMapaMeTpiB BiJl YacCTOTH BU3HAYAETHCS
KOHCTPYKTUBHUMH OCOOJIMBOCTAMH KaOeno (AiaMeTp MPOBIAHUKIB 1 130JIALIL,
Matepial 130JIsI11i1, HassBHICTh 1 BUJI €KpaHa, KPOK CKPYTKH JIJISI KaOeJo «BUTA Mapay),
nedekTaMu BUPOOHUIITBA, MEXaHIYHMMHU BIUIMBaMU Ha KaOenb (pO3TAraHHs, pi3Ki

BUTMHU) 1 TEMIIEPATYPOIO HABKOJIUIIHHOTO CEPEIOBUIIIA.
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Jlis po3paxyHKy YacoBHX MapaMeTpiB, LI0 XapaKTePU3YIOTh MOMIMPEHHS
CUTHalTy y KaOemni, BUKOPHUCTOBYETHCS HOMiHAJIbHA IIBHAKICTb MNOIIUPEHHS
curHaay (NVR), mo xapakrtepu3ye e(eKT 3MEHIICHHS MIBUJIKOCTI MOIIUPEHHS
€JICKTPOMArHiTHOI XBHWJII B KaOenl ¥ BU3HAYAE€THCS SK BIAHOMICHHS (PAKTUYHOL
IIBUJIKOCTI TIOIIMPEHHS JO IIBUAKOCTI CBITIAa Yy BakyyMi. Bemuuunna NVR vy
3arajlbHOMY BUIIAQJIKy 3aJIe’KUTh BIJl JlaMeTpa IMPOBIJHMKIB, BIJICTaHI MK HUMH I
TUITY JIeNEKTPUIHOI 130J1s11ii. 3BUYAtHO HABOAUTHCS B % BIJ IMIBHIKOCTI CBITIA Y
BakyyMi (TunoBuit aianazon 60 % - 80 %).

3 BEJMYMHOIO IIBHUJKOCTI MOLUMPEHHS €JIEKTPOMArHiTHOI XBWII Yy KaOeni
3B'I3aHA 3aTpUMKa HAJXOJUKEHHS CHTHAJIy Ha BXIJ MpUiiMada micis HOro mojadi B
JiHII0 (3aTpUMKa B KaOETbHOMY CErMEHTI 0€3 ypaxyBaHHs 3aTPUMOK Y MPOMINKHUX
aKTUBHUX By3Jax). Y KaOensx, 1[0 MICTATh KUIbKa Map MPOBIJHUKIB, 1€ €
MO>KJIMBICTh OpraHi3yBaTHh KibKa OKpeMux (I3UYHHX JHIA Iepeaadi, MaTUMYTh
MICII€ Pi3HI BETUYMHH 3aTPUMOK y KOXKHIM OoKpemid ¢izuunii miHii. Lle 3B'sa3aHO 3
IBOMA (paKTOpaMu: BIAMIHHICTh Y HIBUJKOCTI MIOUTUPEHHS €JIEKTPOMArHiTHOI XBUIIL Y
KOXHIN OKpeMiil (pi3uuHii JiHii (3aJeKUTh BIJ PO3KHUIY (HI3UYHUX 1 TEOMETPUUHHUX
XapaKTEePUCTHK MaTepialliB MPOBIAHMKA M 130Js11i); BIAMIHHICTb B EJEKTPUYHIN
JTOBXKHUHI PI3HUX (DI3UYHHUX JIiHINA (1[0 0COOJIMBO MOMITHO y BUMAJKY KaOeIo «BUTA
napay, Jie KO>KHa Iapa MpOoBIIHUKIB Ma€ CBii KPOK CKpyTKH). HopMmyBaHHIO mijisrae
MaKCUMallbHa PI3HUIS 3aTPUMOK MPOXOPKEHHS CHUTHANy pI3HUMH (PI3UYHUMU
JTiHIIMHA Y KaOemi. I{0 BenmMuuMHY Ha3WBalOTh AacCHMeTpicl0 ado MepeKocoM
3aTpuMok (Skew). Jlanuii mapameTp 0COOIMBO BAXIMBUM y BUMAJAKY BUKOPUCTAHHS
OaraTokaHaJbHOTO  PO30UTTA  JIaHMX, KOJU OITOBa TMOCHIJOBHICTh JIAHUX
pO30MBAETHCA HA KUTbKAa YaCTUH 1 BHUKOHYETHCA OJHOYACHA Tiepeaada KOXKHOT
YaCTMHM 10 OKpemux (¢izuuHux KaHanmax (TexHonoris Gigabit Ethernet,
cnerudikaris ¢izuanoro piBas 1000 Base-T).

Bci 3a3Hadeni mapameTpu HAaBOIATHCS BUPOOHUKAMU KaOENbHUX CHUCTEM Y
JOKyMEHTalli Ha BIANOBIAHI Ka0Oeni. [cHyroul cTaHAapTH HA CTPYKTYpPOBaHI KaOelbHi

CHUCTEMU BU3HAYAIOTh TUIBKW TPAHUYHI TPUITYCTUMI 3HAYCHHS JTAHUX MTapaMeTpiB.
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JlonaTkoBO 111 KaOENbHUX CHUCTEM BPAaXOBYIOTh pIBEHb 30BHIIIHBOTO
€JICKTPOMArHITHOTO BHUIPOMIHIOBaHHS a00 €JeKTPOMATHITHUH WIyM, TiJ SKAM
pO3yMi€ThCcsl HebakaHa 3MiHHA Hampyra B TpoBinHuMKY. IIlym OyBae HBOX THITIB:
iMmoynscHU#M 1 ponoBmit. llym miapo3aiiseThCss TaKOXX Ha HU3BKO - CEPEAHBO - 1
Bucokoyactotauit (HY, CY, BY).

Jl>xepenamu (hOHOBOTO IIYMY €:

- y miana3oHi g0 150 xI'1y - miHii enexkrponepenad, TenedOHH, JIAMITA IEHHOTO CBITIA;
- y miama3oni Bix 150 x['m go 20 MI'1 - xoMm'roTepu, IPUHTEPH, KOIIIOBAJIbHI
amapaTy ¥ T.I1.;

- y mianasoni Bix 20 MI'ny no 1 I'T'1 - TeneBi3iitHi i pajaionepenaBadi, MiKpOXBUIIbOBI
neyi.

OCHOBHUMH JKEPEIIaMH IMITYJIbCHOTO IIIYMY € Pi3HOTO THITY €JICKTPOIBUTYHH,
CJIEKTPOMEXaHIYH1 TepeMUKaroyl MpUCTpoi (pese), 3BaproBalibHI amapatd. PiBeHb

IIYMYy BUMIPS€ETHCS B MUTiBoJIbTax (MB).

2.2. OcHOBHI THIIN KA0CJBbHUX CHCTEM

2.2.1. IIOHATTHA CTPYKTYPOBAHUX Ka0eJbHUX CHCTEM

[IpoekTyBaHHSI CydyacHHX KaO€JIbHUX CHUCTEM BiIOYBA€THCSA BIJIMOBIIHO [0
KoHIIemii cTpykrypoBanoi kabenpHux cucremu (CKC) [O: 1, H: 3, 4, 5], mo
BU3HAYAETHCS PAJIOM CTaHAAPTIB:
- mixHapoauuit ctangapt ISO/IEC 11801;
- amepukaHchkuii crangapt EIA/TIA 568B (maiinommpenimmii);
- eBponercbkuil cranaapt EN 5050173.

[IpuHIMTIOBO, BUMOTH BCIX TPhOX CTAaHAAPTIB 301ral0ThCs, € JUIIE BIAMIHHOCTI
B TIO3HAYEHHI Kareropi kabemiB 1 BIAMOBIAHOCTI KaOENbHUX CHCTEM TIEBHUM
KaTeropisim 1 Kjacam.

3aranom, mijJ CTPYKTYpPOBaHOI KAaOEITHHOI CHUCTEMOIO PO3YMIIOThH 1€papXiuHy
CJIaOKOCTPYMOBY KaOellbHY cucTeMy OyAMHKY a0o rpynu OyAWHKIB, PO3AUIEHY Ha

(GyHKLIOHAIBHI MiICUCTEMH (MaricTpajibHa MiJICUCTEMAa, BEPTHKAJIbHA IIJICUCTEMA,
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TOPU30HTAJIbHA MIJICUCTEMA) 1 MPU3HAYEHY AJS MIATPUMKHU PI3HUX 1HPOpMAIITHIX
CEepBICIB (KOMIT'IOTepHAa Mepeka, TenedoHis, OXOpPOHHA W TMOXKEKHA CHUTHATI3aIlis,
CUCTEMHU BIJIEOCTIOCTEPEKEHHS U T.1I.).

3apa3 y saxocti omHoro 3 kommoHeHTIB CKC momatore 1mie cucremy
CJIEKTPOKUBIICHHS.

Crangaptu Ha CKC BU3HA4aIoTh:
- OCHOBHI XapaKTePUCTHUKA KOMITOHEHTIB KaOeJIhbHUX CHCTEM, SKi TOBUHHI
MIITPUMYBATHUCS PI3HUMHU BUPOOHUKAMU;
- BUMOTH JI0 IPOEKTYBaHHS 1 IHCTAJAL1I KAOETbHUX CUCTEM;
- TEXHIYH1 XapaKTePUCTUKH JIJIsl PI3HUX KOH(Irypaliid KabeIbHUX CUCTEM.

VY craHpaprax HaBeleHl peKOMEHJallli 13 MPOEKTYBaHHS I BCTAHOBJIEHHS
KaOeIbHUX CHCTEM, CKJIaay ¥ TapaMeTpaM BEpTUKAIbHOI W TOPU30HTAIBHOI
IPOBOJIKH, CIIOJIyYHHUX IIHYPIB, TUITy BUKOPUCTOBYBAHUX 3'€IHYBayiB 1 T.II.

Bumoru no 3azemiienHs Bu3HadeH1 B cranaapti EIA/TIA 607.

2.2.2. Kabeanb «Buta napa» («Twisted Pair» - TP)

Kabenb «Buta napa» (BIl) € cumeTpuynuM kabeneM 1 BUKOPUCTOBYEThCS IS
nudepeniianpHoi  (OaslaHCOBOI) mepenadi curHainy (oOujaBa MPOBOAUW B TMapl €
pIBHOIIPaBHUMH, 1HPOPMATUBHOIO € PI3HMII MOTeHITIaNB Mk HUMU) [O: 1 ; [: 3, 4,
5]

SBnsie cobor0 NekisibKka map npoBoaiB (y KOXKHINM mapi MPOBOJM CKpy4YeHI Ha
3pa3oK cripali), siKi MOMILIEH] B CHJIbHY JIEIEKTPUYHY OOOJIOHKY.

3a paxXyHOK CKpY4yBaHHS MPOBIIHUKH B Mapi WAYTH Mif AEIKHUM KyTOM OJWH
JI0 OJHOTO, IO 3MEHIIY€E Tapa3uTHI €MHICHI W 1HAYKTHBHI 3B'SI3KM MK HUMH 1,
BIJIOBIJTHO, 3MEHIIY€e TNepexpecHi HaBeleHHS. YuM MeHIe KPOK CKPYTKH, TUM
MEHIIIE TMepexpecHl HaBEJCHHs, ajieé BHILE I[OTOHHE 3aracaHHs CUTHANy W BUIIE
3aTpUMKa NOLIUPEHHS CUTHATTY.

Kabeni BUTOI mapu MaroTh Pi3HI XapaKTEPUCTUKH, IO 3aJieXkaTh BIJ JlaMeTpa
MPOBO/IIB, MaTepially JIE€JICKTPUUHOI 130111, KPOKY CKPYTKH, HasSBHOCTI 3aXMCHHX

ekpaniB 3 ¢osibru ado 3 mizi. Hiroua pepaxuia crangapty [ISO/IEC 11801 noxainsie Bci
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BUJM MEPEXKHUX JOJATKIB, SIKI MOTpeOyroTh 0OMiHY HaHUMH Mo kabemnto BII, Ha 6
kiaciB - A, D, C, D, E, F. Jlns 1ogaTkiB KO)KHOTO KJIaCy BU3HAYAETHCS BiAMOBITHAN
KJIac JIHIN 3B'A3KY, 110 3a/1a€ TPAHUYHI €JICKTPUYHI XapaKTePUCTUKH JI1HI1, HeOOX1IH]
JUTST. HOPMAJIbHOTO (DYHKITIOHYBaHHS JOJATKy BIAMOBIMHOTO a00 OiIbII HU3BKOTO
kinacy. B amepukancekomy ctangapti EIA/TIA 568B BUKOPHUCTOBYETHCS TMOHSTTS
kareropii kabemo. Sk kputepiii knacudikamii B crangaprax Ha CKC

BUKOPUCTOBYETHCSI MAKCUMAJIbHA YAaCTOTa CUrHaNy (Tadsuus 2.1).

Tabmuug 2.1 - Knacugikanis kabesiB BUTOL mapu

Kiac Kareropis
kabero i MaxkcumasbHa
();gl(l;;?(lj po3’ema 9yacToTa TunoBi Mepe:kHi 101aTKHU
11801) (EIA/TIA curiaiay, MI'u
568B)
A | 0,1 TenedoHHi rosocoBi KaHAIX i HU3bKOYACTOTHHIA
OOMIH JTaHUMH
B 2 1 [Tepenava nudpoBUX JaHUX 31 MIBUIAKOCTAMHU 10 4
MOb6/c
C 3 16 JlokanbHi Mepexi IBM Token Ring (4 M6/c),
Ethernet 10 Base-T, 100 Base-T4
4 20 JlokanbHi Mepexi IBM Token Ring (16 M6/c),
nepeaayda JaHux 31 MIBUAKOCTIMH 110 25 M6/c
D 5 100 [Tepenaya nanux 31 mBuaKOCTsIMH 10 100 M6/C
(cuaxponna nepenava - Ethernet 100 Base-TX 1
acuHXpoHHa nepenaya (ATM) - 155 M6/c)
D SE(5+) 125 [Tepenaya nanux 31 mBuaKocTsMu 10 1000 M6/c
(Gigabit Ethernet 1000 Base-T)
E 6 200 [Tepenaya nanux 31 mBugkoctsmu 10 1000 M6/c
F 7 600 [Tepenaua nanux 31 mBuakoctsamu 10 1000 M6/c
Te 1000 [IInpokocMyrosa nepegada JaHUX Ha 4acTOTax 10
900 MTI'1 (mepenayda qaHUX 31 MIBUAKOCTAMH 110 10
I'6/c, kabenbHe TenebaueHHs 10 900 MI'r)
8 1200 [IIupokocMyrosa nepegada JaHUX Ha 4acTOTax J10
1200 MTI't (mepenaya gaHUX 31 MIBUIKOCTSIMU JI0
10 I'6/c, kabenpHe Tenebauenus go 1200 MI'L])

Cranpaptu ISO/IEC 11801 1 EIA/TIA 568B Bu3HauarTh, 110 JiHIT 3B'SI3KY
CKC OynyTh BIAMOBIZAaTH BUMOTaM TEBHOI KaTeropii Mpu JOTPUMaHHI HACTYITHHUX

TPbOX YMOB:
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- TeXHIYHI XapaKTepUCTHUKU BCIX KaOeliB, PO3’€MIB, CMOJYyYHUX MIHYPIB L€l JiHI
BIJIMTOBIIAl0Th BUMOTAM I1i€1 KaTeropii abo MepeBUIIYIOTh iX;
- JIIHIA 3B'I3KYy CIPOEKTOBAaHA 3 ypaxyBaHHSIM BHMOT CTaHJApTIB ( TOOTO JOTpUMaHI
0OMEKEHHS Ha JOBXHHH KaOCIIPHUX CErMEHTIB, KUTbKICTh TOUYOK KOMYTAIlii i T.11.);
- MOHTQ)X BUKOHAHUH y MOBHIM BIATOBITHOCTI 3 BUMOT'aMH1 3a3HAUYCHUX CTaHIAPTIB.

KoncTpykTuBHO Kabem ojiHi€l KaTeropii BiAPI3HSAIOTHCA Bij KaOeiB 1HIIOL
KaTeropii KpOKOM CKPYTKHM W BUTPUMYBaHHSM TOCTIHHOI KUTBKOCTI CKpPYTOK Ha
OJIMHMITIO JOBKHUHU KaOemto. YuM Bullle KaTeropis, TMM OUIbIIIE KUIBKICTh CKPYTOK
Ha OJuHULIO A0BXkUHU. [loumHaroum 3 5 Kkareropii U Buile, OOOB'SI3KOBO
BUTPUMYETHCS MTOCTIHE YUCIIO CKPYTOK HA OJIMHHUITIO JOBXKHHH. Y KaOesIX BHCOKHX
Kareropiit (3 xkareropii 5 1 BUIIE) KPOK CKPYTKH B KOXHIN mapi BIAPI3HAETHCS, IO
JO3BOJISIE 3MEHILIUTU MMApPA3UTHI 3B'SI3KM MDK IMMapaMH i, BIANOBIJHO, MEPEXPECHI
HABEJICHHS.

3apa3 mpu MPOEKTyBaHHI HOBUX MEPEK MIHIMAIBLHO MPUITYCTUMOIO IPa/Ialli€lo
€ kabenb kareropii 5 ( a kpame SE(5+), 1m0 MOBHICTIO BiANOBIJAIOTH BUMOTaM
texHosorii Gigabit Ethernet 1000 Base-T).

3a KpuUTepleM HAsSBHOCTI 3aXMCHUX €KpaHIB BHTA IMapa MOIUISEThCA Ha:
Heszaxuieny Buty napy (UTP), y sikoi BifcyTHI Oylb-siKl €KpaHyBajbHI €JIEMEHTH
3axucTty, 1 3axumieHy Buty mnapy (STP), y skoi mpucyTHii MeTaneBuil eKpaH.
ExpaHyBaHHS 103BOJISi€E 3MEHIIMTH €JIEKTPOMAarHiTHE BUIPOMIHIOBAaHHS y Kabesl Ta
13 kabemo. Crouatky, mig STP po3ymiBcs cremianizoBanuii kadbenb gipmu IBM -
STP type 1, XapakTepUCTHUKH SIKOTO BIIPI3HAIOTHCA Bl XapaKTEPUCTUK KaOeiB BUTOL
napu pi3HMX KaTeropid, HaBeneHux y craHgaprax Ha CKC. VYV Ham yac y
3aXUIIEHOMY BapiaHTI BWITYCKalOThCS Kabem pi3HUX Kateropiil. Ilpu 1pomy,
3a3BUYal, BUKOPUCTOBYIOTh TEpMiH «eKpaHoBaHuil» (Screened) - y BuUMmaaKy
BUKOPHUCTaHHA (OJIBTH, 10 EKPaHYeE, 1 TepMiH «3axuieHui» (Shielded) - y Bunaaky
BUKOPUCTAaHHS EKpaHyBAJIBHOTO OOIUJIETEeHHS abo CckiIagHuxX exkpaHiB ((omsra +
oOruieTeHHs1). 3a 11€10 KOHCTPYKTHUBHOI O3HAKOK MOKHA BUJIJIUTU HACTYMHI TUIH

Ka0eJiB:
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FTP - ¢onbproBana Burta mapa: MiCTUTh OJIMH CIIJIBHHUI €KpaH 3 aJlOMiHI€BOT
(b osbru HaBKOJIO BCiX Map;

ScTP, STP (xareropii 5 1 BUIlEe) - MICTUTh €KpaH 3 MIJIHOTO OOIIETEHHS, IO
MoOke OyTH CIUTBHUM IS BCiX mMap, a00 BUKOHYIOTHCS OKpPEMi €KpaHH JJIsi KOXKHOI
napu;

S/FTP - mictuth 2 ekpanu 3 GoJIbru i MiIHOTO OOIIETEHH(MOXKIIMBO OKpEME
eKpaHyBaHHS (DOTBTOI0 KOKHOI TIAPH 13 CHUTFHUM €KPAaHOM 3 MiJTHOTO OOIJICTCHHS);

S/STP - wmicTuTh 2 eKkpaHu 3 MIJHOTO OOIUIETEHHS (OKpeMe EKpaHyBaHHS
MIJTHUM OOIUIETEHHSIM KOKHO1 IapH 13 CIUIBHUM €KPaHOM 3 MIJHOTO OOIUIETEHHS);

PIMF - koxxHa mapa B OKpeMOMYy €KpaHi 3 ()OJIbI'd 1 CIIIJIbHE 30BHIIIHE MiJHE
OOIIETEHHS.

Kabemni xateropii 5 1 6 MOXXyTh BUITycKaTucs B OyAb-sikoMmy BapiaHTi: Big UTP
no S/STP. KabGeni kareropii 7 1 BUIlle BUITYCKalOThCA TUIbKU y BapianTi S/STP abo
PIMF (000B'SI3KOBO MICTUTD 2 €KpaHH).

I'pannyni 3HauenHsa napametrpiB UTP kateropii 3 1 5 HaBeaeHi B Tabaumi 2.2.

Tabmuug 2.2 - 'pannyni 3HaueHHs napametpiB UTP kareropii 3 1 5

Xapaxkrepuctuku (Ha 1000 ¢yTiB abo Kareropis 3 Kareropis 5 STP type 1 IBM
305 metpiB)
€MHICTh, HD 20 17 9
AxTHBHHI omip, OM 28,7 28,7 -
XBUJIBOBHUH OMip 100+15% 100+15% 150+15%
3aracanns, 1b:
10 MI'ng 30 20 -
62,5 MI't - - 39
100 MI'1g - 67 -
NEXT, nb
10 MI'n 26 47 -
16 MI't 23 44 40
100 MI'n - 32 -

JIisi mo3HaYeHHsl JiaMeTpa CTPYMOBEIYYHMX MPOBIAHUKIB BUKOPUCTOBYIOTh
YMOBHI OJMHUII, 10 Ha3uBarOThcd AWG (amepukaHchka rpajarlisi MpPOBOJIB),
Hanpukiaa, AWG22, AWG24, AWG26. Yum menie 3HaueHHsT AWG, Tum Oiibiiie

JlaMeTp CTPYMOBEIYUYOTO IPOBITHUKA, THM MEHIIIE€ TIOTOHHUN OTIi.
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Bura napa 3BuuaiiHo BUIycKaeThes y 1BOX BapianTax AWG24 1 AWG22.

AWG Hiametp, MM [Toronnwii omnip, OM/kM
24 0,51 87,5
22 0,64 51,7

Crpykrypa Jjinii ropuzonTanabHol migcucremu CKC
Bumoru 10 xapakTepucTUK KaOeabHOI CUCTEMHM BHM3HAUAIOTHCA CTaHAapTaMH
Ha CTpyKTypoBaHi kabOenpH1 cuctemu (Hampukiaa, EIA/TIA — 568B), ne

00YMOBITIOETHCS HACTYITHA CTPYKTYpa JiHii (puc. 2.3).

PobDova
cTaHLUiA

Im 50 I G M
PojeTKa _I KomyTaujfiHa NnaHe Nk | LLeHTpanEHWH BYi0N I

Pucynox 2.3 - CtpykTrypa mniHii

Jlani cTaHgapTH pEerIaMEHTYIOTh  BiAJalieHHs po0Oo4oi  CTaHIli  Bif
IIEHTPAJbHOTO By3Jla Ha BifacTtaHb He Outbm 100 M (moB’s3aHO 3 3aracaHHSAM
€JIEKTPUYHOIO CUTHAITY TIPU MPOXOAKEHHI Yepe3 JIHII0).

3a3HayeHl Ha CTPYKTYpl JIOBXKMHU CETMEHTY 1 CIOJIyYHUX KaOeniB He €
KOPCTKO perjJamMeHToBaHMMH. ['0J0BHE, 00 CyMapHa MOBXXHMHA HE TMEPEeBHIYyBaIa
100 m.

VY xabeni 3amisiHi 2 mapu, ofHA — JJIS Tepenayi, apyra — JJs TpuioMy i
BUSIBJICHHSI KOJTI31# (I11e J1B1 MapU HE BUKOPUCTOBYIOTHCS).

Poskmanka mpoBOiB B KaOETbHUX CErMEHTaX BUKOHYETHCS 32 HACTYITHOIO
cxeMmoro (mpsiMuii kabens) (puc. 2.4.).

[TopT mepexnoro amantepa HazuBaeTbcsi MDI moprom (DTE). Ha nsomy
nopty mapa 2 (Oumuii/opaHkeBHWi) TWIAKIIOYEHA JO TMepeaaBada, rMmapa 3
(Onmii/3enenunii) — go npuiiMayva; napu 1 (61nmit/cunii) 1 napa 4 (611Mi/KOpUYHEBUNA )

HE BHUKOPUCTOBYIOTbCS. IlopT Ha 1LeHTpanbHOMY BY31Il (KOHIIEHTPATOPH,
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KoMyTaTtopu) HazuBaeTbcs MDI-x moprom, y sikomMy mapa 2 MiAKIIOYAETHCS 0

npurMada, a rmapa 3 — 10 nepenasaya.

Binuid/opanxeBui
OpaHiKeBHH
BinnA/seneHMin
JeneHui

CHHIA

BinMIA/cHHIMA
BinMA/KOpHYHEBHHA
KopuyHeEMH

(=B I - I - U L
I \
B d k=

PozeTKa Bunka

_|_l_\_|_ JENNENENERE

Pucynok 2.4 - Cxema po3knaaku npoBoAiB o crannapty EIA/TIA 568 B

Takum 4YMHOM, 32 IPSIMOIO CXEMOIO 3'€THAHHS MEPEKHUIN aganTep Moxe OyTH
3'€MHAHUN JUIIE 3 I[EHTPaJIbHUM BY3JOM. [Ipu HE0oOXiIHOCTI 3'€JHAHHS JABOX
MEpEXXHHUX aJanTepiB BUKOPUCTOBYIOTh KPOC-KaOEb.

VY cramioHapHii 4acTUHI KaOETbHOTO KaHaly (MK PO3ETKOIO 1 KOMYTalIMHOO
MaHEeJUTI0) HEOoOX1THO BUKOPUCTOBYBATH TUIBKH MpsMYy cXeMy po3kianaku. [lpu
HEOOXITHOCTI, MO0 KPOC-CXeM1 PO3KJIAIA€ThCsA TUIBKA OJIUH 31 CIOJYYHUX KaOeniB
(maTy-xopn).

2.2.3. KoakciainbHuii kadeJsb

Koaxkcianpauit kabenbp (KK) € acumerpuunum abo HeOalaHCOBUM Kabesnem
(eKpaHyBaJIbHHMI IAp € CHUIBHUM MPOBOJOM, MIAKIIOUEHUM IO «3EeMIIi»,
iHQOpMATUBHUM € EJNEKTPUYHHI CUTHAN, 10 3HIMAETHCA 13 IEHTPAIBHOTO
MPOBITHUKA BITHOCHO «3emii») [O: 1 ; 1: 3, 4, 5].

KK cknmagaeThcs 13 IEHTPAIBHOTO MITHOTO MPOBITHUKA (OMHOXKUIHHOTO a00

0araToXXMJIbHOT0), OTOYEHOTO IIApOM JIeTIEKTPHKa, Marepian SKOTO BIIOKPEMITIOE
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IEHTPAIBHUA TPOBIMHUK BiJA OOOJIOHKH, IO €KpaHye (€KpaHyBaJbHE METaJIeBEe
OOIUIETEeHHS, CYIIUIbBHUNA METaleBUi LUIIHAP, KOMOIHAIS 3 anoMiHieBOi (osbru i
METaJeBOTO OOIUIETeHHs). 30BHI Kaleidb MMOKPUTUN 3aXMCHOK IEJIEKTPUUHOIO

00010HKOIO (pHC. 2.5).

Iap
JiCIeKTPHKY \ I —

3axucHa 000JI0HKA
T I

HenTpanbauit

IIPOBIA ExpanysansHa

000JIOHKA

Pucynok 2.5 - CtpyKkTypa KoakciaabHOro KaOemto
[cHyroTh pi3HOBUAM KaOenmro pi3HOro Jmiamerpa. JliameTp LEeHTpaIbHOro
MPOBIIHUKA W 130JII0I0OYOTO IIapy, a TAKOX XapakTEPUCTHUKUA MaTrepiaiiB 13051l

BU3HAYAIOTh YACTOTHI BJIACTUBOCTI KaOCIII0, 3aracaHHs 1 IMIICIAHC.

Tadomuig 2.3 - OCHOBHI TUITH KOAKClaJIbHUX KAOEIB

Hiametp, Mm
Kabenp | Imnenanc, Om | 3oBuimmHii | LleHTpansnu 3acToCyBaHHs
Y TIPOBITHUK
RG-8 50 ~12 2.17 o/x* Crneuundikamis 10 Base-5 («roBcTuit»
«Thick» Ethernet)
RG-58 50 5 0.66 abo Crneuundikamis 10 Base-2 («TOHKHII»
/U 0.695 o/x* «Thiny» Ethernet)
RG-58 50 5 0,66 a6o 0,78
A/U 0/ x**
RG-58 50 5 0,66 6/x**
C/U
RG-62 93 JlokanbHi mepexi Arcnet, IBM Token
Ring
RG-6 JlokanbHi  mepexi  Arcnet, CATV
RG-11 75 (xabenpHE TeneOaueHH)
RG-59

* - OJTHOKMIBHUH;
** _ 0araToXWIbHUMA.
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B imeampHOMY BHMIAAKy €JIEKTPOMArHiTHE TOJie, IO YTBOPUTHCA TMIPHU
MPOXO/HKEHHI €JIEKTPUYHOTO CUTHAIY MO KaOemto, He BUXOAMUTDH 3a MEKI 000JIOHKH,
mo ekpanye. Takum uymHoM KK He CTBOprOE€ eJIEKTpOMarHiTHUX 3aBaj 1
MaJOYYTJIMBHI O 30BHIIIHIX 3aBaja. Ha mpakTuill 3aBXAu ICHYE €JIeKTPOMAarHiTHE
BUIPOMIHIOBaHHS y Kabe Ta 13 kabelo.

OcHOBHI THNM KOakcialbHUX KabemiB HactymHi (Tabn. 2.3). CyuacHi Bepcii
CTaHJApTIB HA CTPYKTYpPOBaHI KaOEbHI CHUCTEMHU HE MONMYCKAlOTh BUKOPUCTAHHS

KOAKCIaJIbHOT'O Ka0eJro K CepeoBHIIa epeaayi.

2.2.4. BOJIOKOHHO-ONITUYHU I Ka0eJIb

Bonokxonno-ontuunuii kabens (BOK) BukopucTOBY€ETHCS NI Miepeadl TaHuX
y BUIJISAA1 onTUYHUX iMOyieciB [Y-mianazony [O: 1 ; [d: 3, 4, 5]. [ndopmamniitnuit
CUTHAJI TIEPEJIA€ThCS Yepe3 ONTUYHE BOJIOKHO Y BUTJISII MOJIYJIbOBAHOTO CBITJIOBOTO
BUINPOMIHIOBaHHS. 3aBJSKU SIBUIY MOBHOI'O BHYTPIIIHHOTO BiJOOPa’KEHHSI, CBITIIO,
110 MOTPANKB B ONITOBOJIOKHO, MOMIMPIOETHCS IO HHOMY Ha BEJIMKI BIJICTaHI.

BOK cknagaerbest 13 LEHTPAIBHOTO ONTHUYHOTO siApa (3BUYAWHO KBapIil 13
JeryrouuMu 1o0aBkaMu) abo CBITJIOBOY, HABKOJIO SIKOTO PO3MIIIEHHA MEPBUHHUN
(BimOouBHUI) Oydep (puc. 2.6). KoedimieHt 3anomneHuss Mmarepiany Oydepa Habarato
MeHIIe Koe(illieHTa 3aJIOMJICHHST MaTepiany siapa. 3a paXyHOK I[bOTO JOCSTaA€ThCA
MPAaKTUYHO TOBHE BIJOUTTS CBITJIOBUX MPOMEHIB BiJ TpaHULl s0pO - HEpBUHHULL
Oygep. Jna 3abe3nedeHHsT 3aXUCTy BIiJ BOJOTH W 30BHINIHIX BIUIMBIB HAHOCHUTBHCS

3aXUCHUN OyepHHil map.

‘Ey(p.ep. & 125 MKM
JaxXMcHe NnokypuTTAa, & 250, 900 MK

Pucynok 2.6 - CTpyKTypa ONTUYHOTO Kabento
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CBiTJIOB1 XBHJII (MOJIH), 11O TIOTPAITMJIMN B SAPO il KyTaMH, MEHIIIUMH JIESTKOTO
KPUTHUYHOTO 3HAYECHHS, 0araTopa3oBO BiAOMBAETHCS B 0OOJOHKU 1 MOUTHPIOIOTHCS
Ha 3HauHi BiactaHi (puc. 2.7). Ilig ONTHYHOIO MOMOI0 PO3YMIETHCS TEBHHUM THII

CJICKTPOMAarHiTHOI XBHUJII.

Binouenuit oyipep

Aapo

Monu

PI/ICYHOK 2.7 - HOHII/IpeHHSI CBITJIOBUX XBHJIb gCpe3 OIITHYHC BOJIOKHO

Kpim pi3Huili MiX MOKa3HUKaMH 3aJOMJICHHSI siapa 1 BiAOWBHOTO Oydepy
BOXJIMBY POJIb Bijirpae npoduib MOKa3HUKA 3aJOMIICHHS s/ipa, TOOTO 3aJIeKHICTh
BEJIMYMHU MMOKA3HMKA 3aJIOMJIEHHS B1J pajilyCy IOMEPEUYHOro Mepepi3y ONTOBOJIOKHA.
SIKIIO0 TOKA3HMK 3aJIOMJICHHS 3QJIMIIAE€THCA OJHAKOBHM B YCIX TOYKAaX IMEPETHHY
aqpa, Takuil Tpo(dUTb HA3UBAETHCSA CTYMIHYACTUM, SKIIO TJIABHO 3MEHINYETHCS BiJ
LHEHTPAJIBbHOI OCl 10 OOOJOHKH, - rpafleHTHUM (pHC. 2.8). 3yCcTpiyaroThCsa 1 OUIbII
ckaaaai npodimi. [Ipodins moka3HHKa 3aJOMIICHHS BIUIMBA€ HA XapaKTEPUCTUKHU
ONTUYHOTO BOJIOKHA SIK CEPeOBHINA TIepeaadi iHdopmairii.

Cepen BEIMKOro 4YHCIa XapaKTEPUCTUK 1 MapaMeTpiB, IO OMNUCYIOTh ONTHYHE
BOJIOKHO SIK CEpEJOBHINE Tepenayl JaHuX, HAOUIbIl BaXKJIMBUMH € 3aracaHHs
(BTpatun) 1 AucHepcis.

3aracaHHd - 1I€ MOCTYNOBE OCJIA0JICHHS MOTY>KHOCTI ONTUYHOTO CUTHAIY MPHU
MOIIMPEHHI TI0 ONTOBOJIOKHY, BHUKJIMKAaHE PI3HUMHU (PI3UYHUMHU TIPOIIECAMH.
Bennuuna 3aracaHHsi Ma€ CKJIaJHy 3aJ1€XKHICTh B1J JOBXKUHHU XBUJI1 BUIIPOMIHIOBAHHS
1 BUMIpIO€ThCS B nb/kM. 3aracaHHsl CIY>KUTb OJHUM 3 TOJOBHUX (aKTOPIB, IIO
OOMEXYIOTh JaIbHICTh I€pelayl CHTHaldy 4epe3 ONTHYHE BOJIOKHO (6e3
peTpaHCIIsLIi).
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Koediuienr
FaN0MAeHHA

KoedpivieHT
3anoMAeHHA

N

Paniyc

Papiyc

CryniHuacTuil npodpine IpapieHTHHIA npodine

Pucynok 2.8 - Tunu npod11iB Moka3HUKA 3AJIOMJIEHHS SApa

I[I/ICHCpCiH - O€ PO3MHUPCHHA OIITHYHOI'O iMHYJ'IBCY, IIepcaaHoro 110

OINTOBOJIOKHY, B 4acl (puc. 2.9). [Ipu BUCOKIi 9acTOTI MPOXOHKEHHS IMITYJIbCIB TaKe

PO3LIMPEHHST Ha JEsAKid BIJCTaHl Bl IepelaBadya MPU3BOAUTH 10 MEPEKPUBAHHS

CYCIJIHIX IMITYJIbCiB 1 TOMHJIKOBOTO MpUOMY nanux. Jlucmnepcis oOMexye NaabHICTh,

TaK 1 MBUIKICTh Tiepeaadl iHopmairii.

A MoTikHicTb
BXiBHOTO CHIHany

100 %
50 %

OnNTHYHE BONOKHD

Bpema

>

WupuHa innynbcy

A MoTysHicTL
BHXiOHOTo CHIHany

100 %
50 %

_‘_

IWupuHa iMnynbcy

Yac

Pucynox 2.9 - Po3mupeHHst ONTUYHOTO IMIYJILCY HPH MOXOKEHH1 IO BOJIOKHY
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PizHoBuaM i kIacu@ikamiss ONTHYHUX BOJTOKOH

Knacudikaiiss ONTHYHUX BOJOKOH HaiyacTille MPOBOJUTHCS IO JIBOM
KPUTEPISIM:

* MaTepial, 3 IKOr0 BUTOTOBIIAETHCS SAPO 1 ONTHUHA OOOJIOHKA;
* KUTBKICTh MOJI, IIIO TIOIIHUPIOIOTHCS IO BOJIOKHY.

B 3anexnocTi Bim Matepiany siapa W mepBuHHoOro Oydepa icHye HacTyImHa
Kiacudikallisi ONTUIYHUX BOJIOKOH.

1. CxuistH1 BoJIOKHA: siApo U Oydep BUTOTOBISIIOTHCA 3 OKCUAY KpeMHito (S103)
abo kBapiy. [iamerp snpa/miametp oOononku (MkMm) — 50/125 (6aratomooBuii
kabenn), 9/125 (ogHOMOI0BHI KaOEh).

2. CxuistH1 BOJIOKHA 13 IiacTukoBUM nepBuHHUM Oydepom (HCS a6o PCS-
BOJIOKHA). JliameTp siapa/niameTp o6osoHku (MkM) - 200/230, 200/350.

3. IlnmactukoBi BojokHa (POF — BonokHa): siapo ¥ mnepBuHHUMA Oydep
BUTOTOBJISIFOTHCSA 13 TU1acTUKY. [liametp siapa/miamerp obGosnonku (MkM): 485/500,
735/750, 980/1000.

[Tnactuxosi i PCS BosokHa 3a3Bu4aii He MICTAThH 3axucHoro oydepa. Ha puc.

2.10 300paxkeH1 monepeyHi Nepepi3u LHUX TUITIB BOJOKOH.

OO

MM SM
50/125 9125 HCS
MKM MKM 200/230

MKM

POF 980/1000 mMKM

Pucynok 2.10 - [Tonepeuni nepepi3u pi3HUX TUMIB ONTHYHUX BOJIOKOH
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B 3anexHocTi Bii T€OMETPUYHUX PO3MIPIB sAapa 1 OOOJOHKH 1 BEIHYMH
MOKA3HUKIB 3aJIOMJICHHS X MaTepiaiiB B ONTHYHOMY BOJOKHI MOKE€ MOIIMPIOBATUCS
TUIBKH OJTHA 200 K BEJIMKY KIJIBKICTh IPOCTOPOBUX MOJI. TOMy BCl ONTHYHI BOJIOKHA
JIIATH Ha JIBa BEJUKI Kiaach: ogHoMoA0B1 (SM) Tta 6aratomoioBi (MM) .

BbaratomogoBe KBapuoBe BOJIOKHO Ma€ 1 CEpLIEBUHY, 1 ONTUYHY OOOJIOHKY 3
KBapuoBoro ckia. [lepeHeceHHs] CUTHalTy 3A1MCHIOETHCS ACKIIBKOMAa ONTUYHUMHU
MOJIaMH, K1 BXOJATh Yy SAPO MiJ PI3HUMU KyTamu. BiAmoBinHO, MOIU MO pi3HOMY
BiIOMBAIOTHCS BiJ MEPBUHHOTO Oydepa i MpoXonATh Pi3HY ONTHUYHY JOBXKHHY Y
kabemi. SIk mpaBWiIO, Take ONTOBOJIOKHO Ma€ TPAJIEHTHUN MNpodiib MOKa3HUKA
3asiomyieHHst (puc. 2.11). Ile HeoOXimHO Uil 3HWKEHHS  BIUIMBY MIXMOJOBOI
nucnepcii. Sk O0yno nmokaszano Buie (puc. 2.7), MOJIU MOIIUPIOIOTHCS B ONTUYHOMY
BOJIOKHI MO PI3HHUX TPAEKTOPISAX 1, BIAMOBIAHO, Yac MOIIMPEHHS KOXHOI MOJU OyJe
BiJIpi3HATHCS. Lle mpuBOAUTH A0 pO3IMIMPEHHS MEpelaHoro iMmyibscy. ['panieHTHUN
npodiap 3MEHIIY€E PI3HMIN0 B Yaci MOMMPEHHS MOJI. 3a paxyHOK IUIaBHOI 3MIHH
MOKa3HWKA 3aJIOMJICHHSI MOJM BHIIOTO TOPSJKY, SIKI MOTPAIUISIIOTH B BOJIOKHO I
BEJIUKUM KYTOM 1 TIOIIMPIOIOTHCS IO JOBIIMM TPAEKTOPISX, MAKOTh 1 OUIBIIY
MIBUJKICTh, HIXK Ti, SIKI TIOMUPIOIOTHCS ONMxk4e A0 HeHTpy sapa. [IoBHICTIO yCyHYTH
BIUIMB MDKMOJIOBOI  JUCIIEpPCli HEMOXJIMBO, TOMY O0araTOMOJOBE BOJOKHO

MOCTYIAETHCA OAHOMOIOBOMY TIO JTaJIbHOCTI 1 MIBUAKOCTI Mepeadi iHpopMarii.

ntrd

Byipep

Pucynok 2.11 - Ocob6iuBocCTI nepeAaydi ONTUYHOTO CUTHAITY Yyepe3 0araroMoioBe

BOJIOKHO
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VY GararomomoBoMy Kkabeni miameTp siapa HabaraTto OUIbIIE MOBXKUHU XBUII
BUIIPOMIHIOBaHHS, SK JDKEPEIO BUIPOMIHIOBAHHS BUKOPHUCTOBYIOTHCSI CBITIIOAIOMM.
PobOounmu aj1st 6aratoMo0BOr0 BOJIOKHA 3a3BHU4Yail € MoBXWHU XBWib 850 1 1300
(1310) am. TunoBe 3aracaHHs Ha UX JOBXKUHAX XBWIb - 3,5 1 1,5 1b/kM BiamoBigHO.
3a paxyHOK 1HTepQepeHIilii Mk MOoJaMH y 0araToMOJOBOr0o KaOelll0 MEHIIEe cMyra
MPOIYCKAHHS Y TOPIBHSHHI 3 OJJHOMOJIOBUM.

Knacugixayia. Ksapuoe 0araroMojoBe BOJOKHO OYyJIO MEPIIMM THUIIOM
BOJIOKHA, SIKE CTaJ0 IMIMPOKO 3aCTOCOBYBATHUCS Ha MpakTuill. [lommpenHs otpumanu
JIBa CTAaHJAPTHUX PO3MIPY OaraToMoJ0BHX BOJIOKOH (AiamMeTp siipa/000a0HKu): 62,5 /
125 Mmxm 1 50/125 wmxM. 3aranpHompuiiHsATa Kiacudikaimis 0araToMoaOBHX
KBapLOBMX BOJOKOH HaBoauTbes y cranaapti ISO / IEC 11801. Lei crannmapt
BUJILJISIE YOTUPU KJlacu OaratomozioBUX BoJIOKOH (OM - Optical Multimode), o
BIJIPI3HSIOTBCA IIHPUHOK CMYTH MPOIMYCKAaHHS (mapameTp, IO XapaKTepusye
MDKMOJIOBY JUCIEPCIIO 1 BU3HAYA€E MIBUKICTD nepenadi iHhopmarrii):

* OMI - cragmapTHe 6araToMOJ0BE BOJIOKHO 62,5 / 125 MKM;

* OM2 - cranmaptHe 6araroMoa0Be BOJIOKHO 50/125 MKM;

* OM3 - 6araTomoioBe BOJIOkHO 50/125 MKM, oniTuMi3oBaHe AJi1 poOOTH 3 Ja3epoMm;
* OM4 - 6aratomoioBe BOJOKHO 50/125 MKM, ONITUMI30BaHE JIJisi pOOOTH 3 JIa3€POM,
3 MOIMIICHUMH XapaKTePUCTUKAMH.

TunoBi xapakTepucTUK 0araToMOJOBUX KaOeiB HaBeeH1 B Tabuili 2.4.

Tabnuus 2.4 - TUnoBi XapaKTepUCTUKN 0araTOMOJIOBUX ONTUYHUX KaOeliB

Tun BosokHa 50/125 62,5/125 100/140
ITo3naueHHs GI GK GN
JiameTp siapa, MKM 503 62,5+3 100+4
Jiametp nepuHHOrO 6ydhepa, MKM 1253 125+2 1406
KoedinienT 3aracanns ab/km
850 HM 2,43 3+3,8 3,5+4.,5
1300 aM 0,6+1,2 0,7+1,5 1,5+2,0
Tupuna cMyru nponyckanss, MI'T*km
850 HM 400+1000 160+200 100+300
1300 am 4001500 200+600 100+500
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Y o0aHOMOA0BOMY BOJIOKHI TIOIHUPIOETHCS TUTBKKM OfHA (OCHOBHA) MOJa
BUnpoMiHtoBaHHs. Lle mocaraeThcs 3a paxyHOK AyKE€ MaJIEHBKOTO JiaMeTpy sapa
(3a3Buuaii, 8-10 mxm) (puc. 2.12). [diamerp onTUYHOI OOOJOHKH TaKHH e, K 1y
0araToMoI0BOr0 BOJOKHA - 125 wMkM. BiacyTHICTH 1HIIMX MOJA TO3UTHBHO
MO3HAYAETHCS HA XapaKTEPUCTHKAX ONTOBOJOKHA (HEMae MIDKMOOBOI AUCHEPCIi),
30UIBIIYIOUM JTAJIBHICTh Tepedadl 0e3 peTpaHcisii 10 COTeHb KUIOMETPIB 1
IIBUJIKICTh 10 JecsATKiB 1'6/c. 3aracaHHs B OJHOMOJIOBOMY BOJIOKHI TaKOXX BKpait

Husbke (menmie 0,4 nb / km).

o

L.
o

\ Byipep
/ [

Pucynok 2.12 - Oco6nuBocCTI nepeaadi ONTUYHOTO CUTHAY Yepe3 OJTHOMOIOBE

nir)

— ]

o

BOJIOKHO

Jiana3oH JOBXHUH XBWIb JJIi OJHOMOJOBOTO BOJIOKHA JOCUTH IIMPOKHUHU.
3a3Buyail mepegaya 3M1MCHIOEThCS Ha HoBkuHAX XBUIb 1310 1 1550 am. Sk mxepeno
BUIPOMIHIOBaHHSI ~ BHUKOPUCTOBYIOTBCS ~ HAMIBNPOBIAHUKOBI  Jjazepu.  Ilpwu
BUKOPUCTaHHI TEXHOJIOTIT CIEKTPAIBHOTO YUIIIbHEHHSI KaHATI1B BUKOPUCTOBYIOTHCS 1
1HII JOBXXUHHU XBUIb.

Knacugixkayia. AcopTUMEHT KBapLOBUX OJHOMOJOBUX BOJIOKOH MOYyKe
pizHoManiTHUN. MixHapoguuii crangapt ISO / IEC 11801 Ta eBpomneiichkuiit EN
50173 mo amamorii 3 0araToMOJOBMM BOJIOKHOM BHUJUISIOTH JIBa BEJIMKI KJIACH
onHomonoBux BosokoH: OS1 1 OS2 (OS - Optical Single-mode). Ognak y 3B'd3Ky 3
ICHYIOYOI0 TUTyTAaHWHOIO, TIOB'SI3aHOT 3 IIUM TMOAUIOM, Taka  Kiacugikaris
BUKOPUCTOBYETHCS ayxke pinko. HabaraTo Ounbmn iHQOpMATUBHUMH € pEKOMEH AL

ITU-T G.652-657, 110 BUAUIAIOTH OLIBIIE THITIB OJHOMOJOBUX BOJOKOH. Y TaOIUIIl
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2.5.

3aCTOCYBaHHSI.

MNpCACTABJICHA KOPOTKAa XapaKTCPUCTHUKA THMIIIB BOJIOKOH 1

oOnacri

X

Tabmums 2.5 - XapakTepUCTUKHU TUITIB OJJHOMOJOBHUX BOJIOKOH 3T1THO PEKOMEH Al

ITU-T G.652-657

Tumn BoJIoKHA

Onuc

H 3acTocyBaHHs

G.652. OquoMomoBe
BOJIOKHO 3 HE3MIILIEHOK
JTUCTIEPCIEI0

Haii0i1p11 mOMmMpeHnii TUIT 0OJTHOMOJIOBOTO
BOJIOKHA 3 TOUKOIO HYJIOBOI AMcCIIEpcii Ha
nosxxuHi xBuii 1300 aM. Po3pizustors 4
nigkiacy (A, B, C 1 D). Bomokna G.652.C i
(G.652.D Bigpi3HAIOTHCS HU3BKUM
3aracaHHsIM M0OJIN3Yy «BOJAHOIO MIKY»
(«BOJTHMM TTIKOM» Ha3WBaIOTh 00J1aCTh
BEJIMKOI'0 3aracaHHsl B CTAHJApPTHOMY
BOJIOKHI TPH TOBKUHI XBUIII O5m3bko 1383
HM).

CrangaptHi o6nacTi
3aCTOCYBaHHSI.

G.653. OgnomMonose
BOJIOKHO 3 HYJIbOBOIO
3MIIICHOO TUCTIEPCIEI0

Touka HynBOBOI IUCHEpCii 3MillIeHa Ha
NOBXKUHY XBUIi 1550 HM.

[lepenaya Ha AOBKHUHI
xBuii 1550 um.

G.654. OgnoMonose
BOJIOKHO 31 3MIIIICHOIO
TTOBKUHOK XBUII1
BIJICIUKH

JloBxuHa Bijciuyku (MiHIMaJIbHA JIOBXKHWHA
XBUJII, TIPH SIKii1 BOJIOKHO MOIITHPIOE OHY
MO]1y) 3MillleHa B 00J1acTh JOBXHUH XBUJIb
O0mu3eko 1550 HM.

[lepenaya Ha AOBKHUHI
xBum 1550 HM Ha Tyx)e
BEJIMKI BIJCTaHI.
MarictpaJibHi ITiJIBO/IHI
Kabei.

G.655. OquomMooBse
BOJIOKHO 3 HEHYJIHOBOIO
3MIIIEHOIO AUCTIEPCIEI0

Lle BOJIOKHO Ma€ HEBEJMKE, ajie HE HYJIbOBE,
3Ha4YeHHs aucnepcii B aiana3zoni 1530-1565
HM (HEHYJIbOBa AMCIIEPCisl 3MEHIIYE
HEeJiHIHHI eeKTH Ipu 0JJHOYACHOMY
MOIIMPEHH] IeKIJIbKOX CUTHAJIIB Ha PI3HUX
JTOBXKUHAX XBUJIb).

Jlinii nepenaui 3i
CHEKTPATLHUM
VIIIJTEHEHHSM KaHaTiB
(DWDM).

G.656. OqHoMO10BE
BOJIOKHO C HEHYJIbOBUI
3MIIIEHOIO AUCTIEPCIEI0
T IIUPOKOCMYTOBOT
nepeaayi

HenynboBa nucnepcis B niama3oHi JOBKHUH
xBWIb 1460-1625 HMm.

Jlinii mepenaui 3i
CHEKTPATLHUM
VIIUTbHEHHSIM KaHATiB
(CWDM/DWDM).

G.657. OnHoMoOmoBOE
BOJIOKHO, 1[0 HE YYTJINBE
710 BTPAT Ha MiKpPOBUTHHI

Bos10KHO 31 3MEHIIIEHUM MiHIMaJIbHAM
pa/ilycoM BUTMHY 1 3 MEHIIMMH BTpaTaMu Ha
BUTHHI. BUAIIAIOTE KIJIbKA IT1AKJIACIB.

JUnst IpoKJIaZiaHHs B
00MeKEeHOMY MPOCTOPI.

TunoBi XxapakTepUCTUKH OJHOMOJIOBUX KaOEIIiB HACTYITHI:

- Tun BoJiokHa: 9/125 (8/125; 8,3/125; 9,1/125; 9,3/125);

- mo3HaueHHs: SM (Single Mode);
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- JlaMeTp MOJOBOTrO MoJisi (MPU TOBXKHHI XBWII BUNpOMiHIOBaHHS 1310 HM), MKM:
9+0,5;
- IlamMeTp nepBUHHOTO Oydepa, Mkm: 125+2;
- Jliarta30H JOBKWH XBWJIb BUMpoMiHIOBaHHA, HM: 1150...1550;
- KoediIieHT 3aracanHs ab/KM:
IpH JOBKUH1 XBUJI1 BunpoMiHioBanHsa 1310 um - 0,35...0,5

IIpY JOBXKHUHI XBWII BUNpoMinioBanHs 1550 um - 0,25...0,3.

CkJIsiHI BOJIOKHA i3 IVIACTUKOBUM nepBuHHUM Oypepom ( HCS)

HCS-BosiokHO - 116 6aratoMoJ0B€ ONTUYHE BOJOKHO BEJIUKOrO JiaMeTpy 3
SAIPOM 3 KBapIlOBOTO CKjJa 1 OOOJIOHKOIO 3 ToJiMepHOro Mmarepiany (puc. 2.13).
HaiiGinpmoro nomupeHHs B TesekoMyHikarii orpumano HCS-BosokHO 3 a1amMmeTpom
cepueBuHu 1 000s0HKK 200/230 MKM 1 CTYIIHYACTUM TOKA3HUKOM 3ajoMJieHHs. B
IHIIUX 00JacTAX, TaKuX SK MEIWIMHA 1 HAyKOB1 JOCIIDKCHHS, MOXYTh
BukopucroByBaTucs HCS-BonokHa 3 BenukuM jiametrpom cepuesunu (300, 400, 500
MKM ...).

3a cBoimMM onTuyHuUM Xxapaktepuctukam HCS-BONOKHO Takox 3aiimMae
MPOMIJKHE TIOJIOKEHHSI MK KBapIOBUM omnToBosiokHOM 1 POF. MinimyMm 3aracanHs
craggaptHoro HCS-BonokHa mnpumanae Ha 10oBXKuHY XBWil 850 HM 1 CTaHOBUTH
onuHUIl-AecaTku 1b/km. s podotu 3 HCS-BOIOKHOM MOXHA BUKOPHUCTOBYBATH Ti
K aKTUBHI KOMIOHEHTH, 1m0 1 s POF (3 moBxkuuoro xBwii 650 Hm) abo mns
0araToMoJI0BOro KBapIiOBOrO BOJIOKHA (CBITJIOAIOAM 3 JOBXHHOKO XBWIl 850 HM).
Biacranp nepenaui npu BukopuctanHi HCS-BookHa MoXe CKIagaTH AEKIJIbKa
KIJIOMETpIB.

IlnacTuxkosi BosiokHa (POF)

[TnactukoBe abo momimepHe ontuuHe BoJOKHO (POF - Plastic / Polymer
Optical Fiber) - e 6araromoj0oBe BOJIOKHO BEJIMKOIO J1aMeTpy 13 CTYNIHYaCTUM
MOKA3HUKOM 3aJIOMJICHHS, CEpILIEBMHA 1 000JIOHKA SIKOTO BUTOTOBJIEHI 3 MOJIIMEPHUX
MaTepiaiiB, TEpII 3a BCe, 3 MOTIMETHIMETaKpmiIary (oprckio). HaltuacTime mosxHa

3yctpiti POF 13 criiBBiIHOIIEHHSM AlamMeTpiB cepuieBUHU 1 000s10HKH 980/1000 MKM.
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Pure Silica Core

Hard Paolymer Cladding

Tefzel Coating

Pucynok 2.13 - Ctpykrypa HCS-BonokHa

VY nopiBHsHHI 3 KBapiioBUM BojiokHOM POF mae nysxe Benuki Brpatu (100-200
nb/kM). 3 1HIIOr0 GOKYy, MIHIMYM BTpAaT 3HAXOJIUTHCA Y BUAMMOMY niama3oHi (520,
560 1 650 um). Lle, a TakoXk Jy>Ke€ BETUKUNA pO3MIp MOMEPEYHOrO NEPEPI3y, T03BOJISE
BUKOPHCTOBYBATH B SIKOCTI JKEPE BUIPOMIHIOBAHHS JICIICBI CBIT/IOM1011. Bemmkuii
JiaMeTp TaK0K 3HAYHO CIIPOLIYE MPOIEC pOOOTH 3 MIACTUKOBUM BOJIOKHOM.

Oo6mnactsb 3acrocyBanHsl POF - KOpOTKI HU3bKOIIBUAKICHI JIiHIT 3B's13KY (10 200
MG6/c na xinbka aecatkiB metpiB). POF uwacto BUKOPHUCTOBYETHCS B MPOMHUCIOBUX
JHIAX 3B'S13Ky, aBTOMOOUIbHIN €JIEKTPOHIII, MEAUIMHI, Y TEIEMETPUUHUX CUCTEMAX
U1t mepenadl iHgopmaliii 3 pi3HOro pojly 1aTYUKIB.

Sx Bxe Oyno 3a3HayeHO BUIIE, AJIs TMEPEHOCY IHPOPMAIIMHUX CUTHATIB
BUKOPUCTOBYETHCSI ONTUYHE BUIIPOMIHIOBaHHS 3 OBXkKMHaMu XBuIb 850, 1310, 1550
HM. CBITIIO/II0IM MOKYTh BUIIPOMIHIOBATH CBITJIO 3 TOBXKWHOIO XBruIi 850 uM 1 1310
oM. HamiBnpoBigaukosi mazepu - 1310, 1550 mm. BuxopucranHs 3a3HadeHUX
3HAY€Hb JIOBXUH XBUJIb TOB'SA3aHO 3 OCOOJIMBOCTSIMHU ONTHYHUX XapaKTEPUCTHUK
ka0emniB (Ha X JOBKHWHAX XBUJIb CIIOCTEPITA€ThCA SICKPABO BUPAKEHI MAaKCUMYMU

nepeaayl NOTYKHOCTI ONITUYHOTO CUTHAITY).
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3ameXHO BiJT YMOB €KCIUTyaTallli OonTW4HI Kabeml MIIsAThCA Ha Kabeml s
BHYTPIIITHBOI MPOKJIAIKH, 30BHIIIHBOT MPOKJIAAKH i YHIBEpCAIbHI.

BigminHa prca 30BHIIIHIX KaOEiB MOJIATaE Y HASIBHOCTI IOAATKOBHUX 3aXUCHUX
mrapiB (aKpujaoBl BOJIOKHA, MeTajeBa OpOHs) 1 CHEliaJbHOTO HANOBHIOBaYa MJis
3aXMCTy BiAg Bosiord. Taki kaOenali HE MO)XHa BHUKOPHUCTOBYBATH MIPH MPOKIAIILI
ycepeauHi Oy/iBJl Ha BeNWKI BiACTaHI (OOMEXEHHS IO TMOXEXHii Oe3merl depe3
BHUCOKY 3aJMMJICHICTh TPH TOPIHHI TaKuX KaOeiliB); MOMYCKAEThCS BBEACHHS B
OyJiBIIIO Ha BijicTaHb 70 20 METpiB.

Kabeni BHYTpIIIHBOI TPOKIAIKA MICTATH 4...12 cBITIOBOAIB, 30BHIIIHI §...20
(OyBaroth 10 144 CBITIIOBO/IIB).

BOK sBnsie coboro omHOCIIpsIMOBaHE cepeoBuile rnepenadi. Koxkae onTtuyHe
SIPO BUKOPUCTOBYETHCS JIJIST OpraHizarlii 0JJHOT0 KaHaJIy B OJHOMY HampsMmKy. Jlims
dbopMyBaHHS IYIUIEKCHOTO KaHajdy HEOOXIJHO JBa CBITJIOBOAM. Y HAIl 4ac iCHYE
TEXHOJIOT1sl MYJbTUIUICKCYBAHHS IO JOBXHHAX XBWJIb, 110 JO3BOJIIE Y€pe3 OJIHE
ONTHYHE BOJIOKHO TEpelaBaTH KIJbKa ONTUYHUX CHUTHAJIIB 1 OpraHizoByBaTu

YTUIEKCHY Tiepeaady 4epe3 OJUH CBITIOBO/I.

CTpyKTypa ONTHYHOI JIiHil.

CrpoiieHa cTpyKkTypa ONTHYHOI1 JIiHIT HaBeJieHa Ha puc. 2.14.

I —gysan 3 onmmiELM nopmom , 2 — onmussuil namy-xopd, 3 — npaxionugi adanmep (SC-SC,
FC-FC, LC-LC), 4 — orvmuyna posnodinera narer/Boxe (ODEF), 5 — onmuurl niemetin, ©-
MICYE 36APKIL MIZMENNG 3 60ROXHOM, 7 — QLMK xabens

Pucynok 2.14 - CnpouieHa CTpykTypa ONTAYHOI JIiHIi{

66



Jlinig OymyeThCs 3 BAKOPUCTAHHSIM HACTYITHUX CKIIQJOBHUX:

-  ONTUYHHH KaOeIbHUI CETMEHT;

- OINTHYHA PO3MOALIRHA MaHENh a00 ONTUYHUN OOKC 711 BUKOHAHHS KIHIIEBUX
1 IKJTFOYEHB;

- mirtein (BiAPI30K ONTHYHOIO BOJIOKHA 31 BCTAHOBJICHHMM Ha OJHOMY KIHIII
ONTUYHUM 3’€JIHYyBaueM; 3 €JIHYETHCSA 3 OINTHYHHM CBITJIOBOJIOM KaOero
METOJIOM 3BaprOBaHHS);

- ONTHYHMM MaTd-KopJ (BIAPI30K ONTHYHOTO BOJOKHA B 3aXHCHIM OOOJIOHIN 3i
BCTAHOBJICHUMHU 3 JIBOX KIHIIIB ONTHYHUMHU 3’ €QHYBa4YaMH) ISl BUKOHAHHS
KOMYyTalii Ta MiAKIOYEHHS NOPTIB KIHIEBHUX BY3JIiB 1O ONITUYHOrO KaHay;

- OPOXIIHUK  aJanTep BIAMOBIIHOTO THMY JJII MEXaHIYHOrO 3 €IHAHHS

3’€JIHyBauiB MaTY-KOP/iB Ta MITTEHIIIB.

Tunu onTUYHUX 3’€IHYBAYIB

Icnye nBa metonu (Hi3WYHOTO 3’€/IHAHHS ONTHYHUX BOJOKOH: BUKOPHUCTAHHS
CIIOJIyYHHX 3’€IHYBa4yiB Ta  BHKOPWCTAHHS 3BAapIOBAaHHSA JBOX BOJOKOH. Jlis
BUKOHAHHS MEXaHIYHOTO 3 €IHAHHS HAWOIIBII TMONIMPEHUMH € HACTYIHI THUIIA
ONTUYHUX 3’€JIHYBayiB, SIKI BIAPIZHAIOTHCS (OPMOIO Ta po3Mipamu, MaTrepiajoM Ta
KOHCTPYKTUBOM 3’€IHaHHs (Ha puc. 2.15 HaBejeH1 3’ €¢HYBayl Ta MPOXiTHI aJanTepu
BIJIMOBITHOTO THUITY):

* SC - Subscriber connector (puc. 2.15 a),
» LC - Little Connector a6o Local Connector (puc. 2.15 0),
* FC - Ferrule Connector a6o Fiber Channel (puc. 2.15 B).

3’ennyBaui SC ta LC a1 0THOMOAOBOTO ONTUYHOTO KaOEe0 MaloTh CUHIN
KOJIIp, J1si 6araToMOJOBOTO Kabero — CipuH.

Kpim HaBeneHux BuIle O3HAaK 3’€HYBadl PO3PI3HSIIOTHCS  Pepysioro -
KepaMiuHUM (piJle IUIACTUKOBUM) CEPJICUHUKOM, SIKUX € JiBa TUNH (puc. 2.16):

- UPC (UltraPolishedConnector) - cepaeunuk BiamomipoBanuii mig kytom 90 ©

JI0 TIO37I0BXHBOI OCi (hepyu,
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- APC (AnglePolishedConnector) - cepaeunuk ckomenuit mig kytom 8 °. APC
MPU3HAYEHUN MJI TOro, MO0 3MEHIIUTH BIUIMB BiJOWTOTO CHUTHAJY HAa CHUTHAT B

BoJIOkHI. 3’ennyBaui Tuiy SC Ta LC 3 Takoro dhepyioro MaloTh 3eJI€HUIN KOTIp.

B)
Pucynok 2.15 - OnTuyHi 3’€1HyBaul Ta NPOXiAHI aanTepu:

a) turty SC, 0) Tuny LC, B) Tuny FC

[Tin koxeH BuA 3’€aHyBadiB € 1 cBoi npoxiaHi agantepu (UPC Ta, BiAmoBigHO,
APC). UPC i1 APC 3’ennyBaui MK co00r0 3'eqHyBatH He MokHa. [loB'si3aHo 1€
3HOBY X 3 TUMHM caMuMH ¢epyiamu, B SKUX, BJIACHE, 1 BIAMIHHICTh. [X MoOXHa

nomkoautu (puc. 2.17) 1/abo orpumMaTd Ha IbOMY 3'€HAHHI BEJIMKE 3aracaHHs

(6u3bko 6 1b).
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BionGuTn cMrHan 3anMaeTeCcA B BONOKHI
T ([ ) L A
7

’;8 rpaaycie
BinGuT1iA curHan BMXoAMTE 3 EONIOKHA

Pucynok 2.16 - Binminnocti SC/UPC 1 SC/APC xonekTopiB

MoeiTRpAHWA 3a30p

N

A

MoTeHuilHe micLle Brpatuao 6 ab
pPYHHYBaHHA

Pucynok 2.17 - [Ipodnemu nipu 3’ennanni SC/UPC 1 SC/APC
3’€IHyBaviB

2.2.5. Po3paxyHOK OHOIKeTy BTPAT ONTUYHOI CHCTEMU

3arajbHa TepMIiHOJIOTIA

BikHo npo3opocTi - gianazoH TOBXKWUH XBUJIb ONITUYHOTO BUIIPOMIHIOBAHHS, B
AKOMY Ma€ MiCUe MEHIIEe, y MOpIBHSHHI 3 I1HIIMMH Jlana3oHaMu, 3aracaHHs
BUINPOMIHIOBaHHS B BOJIOKHI (JIJIsI OJHOMOJIOBOTO BOJIOKHA Iie, 3a3Buyaid, 1310 HM,
1490 um a6o 1550 um).

abm - ngenuben Ha MUTIBaT, OJUHMI BUMIPY MOTYKHOCTI B ONTHUYHHUX
cUcTeMax Iepenadi Janux. BiapizHaeThCs Big AenUOe THM, IO PiBEHb €TaJIOHHOTO
CUTHaly 3aBxkau nopiBHioe 1MBT. dopmyna mepeBony moTyxHOCTI B AbM: A =
10logX, ne A - 3HaueHHs B abwm, log - gecsatkoBuii jorapupm, X - 3HAYEHHS

NOTY>XKHOCTI B MBT.
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OnTu4yHAa NOTYKHICTH - TOTYXHICTh IepeaaBadya OyIb-sIKOTO ONTUYHOTO
MPUCTPOIO0 TpuiioMy / mepefadi ganux. Bumiproetscs B 1bMm abo MBT. 3HaueHHs
ONTUYHOI MOTYXKHOCTI TIepe/laBadyiB pI3HUX ONTHYHUX TEXHOJIOT1H Ta BHUPOOHUKIB
3HAXOMATHCS B Aiana3zoHi Bix -9 n1bm mo 7abm.

OnTuyHa 4YyTJAMBICTH - YYTIUBICTh MpuUiiMadya OYyJb-IKOTO ONTUYHOTO
NPUCTPOIO0 MpuiioMy / mepefadi aanux. Bumiptoetrscs B 1bM abo MBT. 3HaueHHs
ONTUYHOI YYTJIMBOCTI MpUIMAadiB PI3HUX ONTHYHUX TEXHOJOTM Ta BHUPOOHUKIB,
3a3BHYAM, JIe)KaTh y Aiana3oHi Big - 12abm 1o -30abm.

OnTuyHuii OHOMKET MOTY:KHOCTI - PI3HULSA MK 3HAYEHHSM MOTYXHOCTI
nepeaaBaya 1 YyTJIMBOCTI MTpUiiMaya Ha pI3HUX KIHIAX JiHIT 3B'I3Ky. BuMiproerbcs B
nb. [Tapamerp, 3a3BU4aii, BAKOPUCTOBYETHCS IIPU MPOEKTYBAHHI MTACUBHUX ONTUYHUX
Mepex (PON) mist po3paxyHKy MakCUMajibHOI MPOTSXKHOCTI ONTUYHOTO KaHaly 3
ypaxyBaHHSM 3aracaHb Ha MPOMDKHUX MEXaHIYHUX 3 €JHAHHAX Ta IMaCUBHUX
ONTUYHUX PO3Taidy’KyBadyax (CIUTITTepax).

3aracaHHs - MPOIEC BTPATU MOTYKHOCTI CBITJIOBOI'O CUTHAILY B JIIHII 3B'S3KY.
Curnan B JiHII 3B'SI3Ky 3aracae sK MPUPOJHUM YHUHOM, TaK 1 3a pPaxyHOK
HEOJHOPIAHOCTEW B BOJIOKHI, CIUIITTEPAaX, MEXAHIYHHMX 3 €JHyBadyax, B MICISIX
3BapIOBaHHS BOJIOKHA, TMIEPErHHIB, MEXaHIYHUX TMOUIKOKeHb. BumiproeTscs
3aracaHHs B Ab/KM 1Jig BOJIOKHA 1 B Ab 17151 Bcboro iHmoro. CTaHaapTHe 3aracaHHs y
BOJIOKH1 Ha oBxuHI XBU1 13108M ctanoButs 0.361b/kM, Ha noBKKMHI XBHIl 1550HM
- 0.22ab / xm. CrangapTHe 3aracanHsi Ha MexaHiuHoMy 3’ennyBadl tuny SC / UPC-
SC / UPC cranoButh Onuszbko 0.51b, Ha 3BaproBanHi - 0.0510b. YV nacuBHUX
ontuuHux Mepexax (PON) ocHOBHe 3aracaHHsi BHOCSTh ONTHYHI PO3Trally»KyBaul
(cutitTepu) — 3aracaHHs Ha HUX Moxke OyTtu Bim 4nb nmo 21ab (3anexurts Bin
KUJIBKOCT1 BUXOJ[IB PO3Trally>KyBaua Ta TEXHOJIOT1i HOr0 BUTOTOBJICHHS ).

OnTuunHuii 0l0KeT BTPAT - CyMapHe 3aracaHHs BiJ JpKeperna CUTHAlLy J0
caMoTo BIJIAJICHOTO TIpuitMada curnainy. Bumiptoerscs B 1b.

SIko mpu MpoeKkTyBaHHI Ta MOOYAOBI ONTUYHUX KaHANIB Mepeayl JaHux 3
BUKOpHUCTaHHAM TexHoorii 11'6/c Ta 10 I'6/c Ethernet (1GE ta 10GE) nocuts piako

MPOBOJAATh TIONEPEAH] PO3PAXYHKH ONTHUYHOTO OFOKETYy (BUXOASYH 3 peaabHOI
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JOBKMHU ONTHUYHOTO KaHaly BUOHMPAIOTbCA ONTHYHI MpHiloMo/mepeaaBadl Ha
BIJIIOBIIHY BiJICTaHb — OyBalOTh Ha BifAcTaHl Big 2 kM a0 80 kM), TO mpu
MPOEKTYBaHHI MACHBHHUX ONTUYHUX MEPEXK, € BHUKOPUCTOBYIOTHCS MPOMIKHI
ONTUYHI PO3TaxyXyBaul 3 JOCUTh BUCOKMMH KOE(IIlIEHTAMU 3aracaHHs, HEOOX1THO
MIPOBECTH PO3pPaXyHKH OIOKETy BTpaT MAJii KOHKPETHOI TOMOJOTIi Mepexi, IO
MPOEKTYETHCA.

PosrnsHeMo po3paxyHku O10/KETy BTpaT Ha HACTYITHUX MPUKIIAAaX.

[Mpuknan 1. OnTuyHui KaHall, KN 3 €IHY€E 3a TOIMOJOTIEI «TOYKA-TOYKA»
JIBa TPHUCTPOI 3 ONTUYHUMHU MopTaMu (puc. 2.8), A€ BHUKOPUCTOBYIOTHCA ONTHYHI
moayni SFP 1000Base-LX (texnonoris 1GE po3paxoBaHa Ha OJHOMOJOBUM
ontuyHui kabenp). s ominku OrokeTy BTpaT OyAeMO BUKOPHCTOBYBATH TaKi
BUXIIHI JaHI.
. MiHiManibHa BHXIJHA TOTYXHICTH onTuuHOro Moxayisi SFP (wa mpukmam D-
Link DEM-310GT) =- 9 abwm.
. YyTtnusicTe onTH4HOTO MoAyist SFP = -22 nbwm.
. Brpatu na mexaniunomy 3’ennanni tuny SC/UPC-SC/UPC = 0,5 nb.
. 3aracaHHs B CTaHJAAPTHOMY OJHOMOJOBOMY BOJIOKHI Ha JOBXHHI XBum 1310 =
0,36 nb/xMm.

MaxkcruMasbHa HPOTSHKHICTD ONTHYHOTO KAaHATy pPO3PAaXOBYETHCS HACTYIHUM

YUHOM.

o OnTuyHUN OIOIKET MOTY>KHOCTI CUCTEMH 3 BUKOPUCTAHHSIM HAaBEACHUX BHILE
SFP monymniB cranoButh — 9 n1bm — (-22 nbm) = 13 nb.
o Kinekicte mexaniunux 3’egHanb SC/UPC-SC/UPC — 2 (3’ennanns (3) Ha

nopTax onTu4yHoi po3noAinsHO1 naneni (ODF) - puc. 2.8).

° OnTuyHuil OIOKET BTPAT 3 ypaxyBaHHAM MexaHIuyHuX 3'enHanb 2x0,5 nb= 1
ab.
° Pi3Hu1s MDK ONTUYHUM OFOKETOM CUCTEMHU 1 Oro/pkeToMm BTpat: 13 - 1 =12
ab.
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o CrangapTHU#l 3anaC ONTUYHOrO OKOJKETY (11 ypaxyBaHHsS BTpaT Ha 3BapKax
BOJIOKHAa, BTpaT, TOB’S3aHUX 3 MEXaHIYHUMH HABAaHTAXCHHSIMHU Ha KaOeb,
neperuHaMu Kaoemro 1 T. 1.; BUOupaethes y nianasoni Big 0 1o 3 n1b): 3 ab.
° 3anumkoBui ontuaHuit 0romket: 12 - 3 =9 1b.
o Cymaphna nosxkuHa OB, sike «BIUCYETHCS» B 3aJMIIKOBUN ONTUYHUMN OFOHKET
(mpu 3aracanns 0,366 / kM Ha momxkwuni xBuiai 1310nm): 9 / 0,36 = 25 kM. Tum He
MeHl, BUpoOHUK npornoHye SFP momynmi D-Link DEM-310GT gns poGotu Ha
BijmcTansax a0 10 k.

[Mpuknang 2. IlacuBHa ontuyHa mepexa (PON) 3 Tomosoriero «3ipka» Ha

OJIHOMY po3rainyxyBaui Ha 64 Buxoau (puc. 2.18).

J0DF __/

OLT - Optical Line Terminal - onmuunuii mepminan — yenmpanvruii 8y3on PON mepeorci,
Optical Networking Unit — onmuunuii mepexcnuti npucmpiu, PLC [1x64 — naanapuuu Y-nooionuu
PO32aNYIHCY8AY ONMUUHO20 CUSHANLY HA 64 8UX00uU.

Pucynox 2.18 - Tonosorist «3ipka» MacuBHOI ONTUYHOI MEPExKi

J{nst o1liHKM OrOKETY BTpaT OyJ1IeMO BUKOPUCTOBYBATH TaKl BUXI1/IHI JTaHi.
. MiHiManibHa BUXiJIHA TTOTYXKHICTh ONTHYHOTO MOAyJst HA TopTy OLT = 4 nbwm.
. YyTauBicTh ONTUYHOTO MOAYJIs HA opTy ONU = -26 nbwm.

. Brpatu na mexaniunomy 3’ennandi tumy SC/UPC-SC/UPC = 0,5 nb.

. BtpaTtu Ha ontuyHOMy po3ranyxxyBaui PLC 1x64 = - 21,5 nb
. 3aracaHHs B CTaHIAPTHOMY OJTHOMOJIOBOMY BOJIOKH1 Ha JTIOBXKUHI XBuil 1310 =
0,36 nb/xm.

MakcumanbHa TPOTSKHICTh ONTUYHOTO KAaHAY PO3PAXOBYETHCS HACTYITHUM

YHUHOM.



° OnTtuyHuil OFO/KET MOTYKHOCTI cucTeMHu CTaHOBUTH 4 nbm — (-26 nbm) = 30
nb.

o Kinbkicte Mmexaniunux 3’enHanb SC/UPC-SC/UPC — 2 (1 3’eqHaHHs Ha OPTY
ontuyHoi po3noausHoi naHeni (ODF) 31 croponn OLT, 1 3’eqHanHs Ha BUXOI1
posramyxysada B 6ik ONU - puc. 2.9).

o Ontuunuii  OOKET BTpaT 3 YypaxyBaHHSAM  po3railyxkyBada 1x64 Ta

MexaHI4YHuX 3'eqHanb 21,5 n1b + 2x0,5 nb= 22,5 nb.

) Pi3nutg Mi>k onTHYHUM OFOJKETOM CHCTEMH 1 OrojpkeToMm BTpat: 30 — 22,5 =
7,5 nb.
° CrangapTHHI 3amac ONTUYHOTO OIOJKETY (1711 ypaxyBaHHS BTpaT Ha 3BapKax

BOJIOKHA, BTpaT, IIOB’A3aHUX 3 MEXaHIYHUMH HABaHTAKCHHAMHU Ha KaOelb,
neperuHaMu Kaoeto 1 T. 1.; BuUOupaethes y nianasoni Big 0 q1o 3 n1b): 3 nb.

° 3aJMIIKOBUH onTHYHMI Oromxket: 7,5 - 3 =4.,5 nb.

° Cymapha nosxkuHa OB, sike «BIUCYETHCS» B 3QIHMIIKOBHN ONTHUYHHUKA OFOIHKET

(mpu 3aracanns 0,36ab / km Ha goBxuH1 XBuial 1310nm): 4,5 /0,36 =12, 5 kM.

2.3. HeoOme:xeHe cepeoBHIlle mepeaayi

HeoOmexene cepenoBuiie (0e3ApoTOBE) 3a0e3nedye mnepenadyy W mpuiiom
CJIEKTPOMAarHiTHUX CUTHAJIIB uepe3 30BHimHi#i npocrip [O: 1, 3; 1: 2].
. Take cepemoBuille Tepenayi BUKOPUCTOBYETHCS B HACTYIMHUX KOMYHIKAIIHHUX
CUCTEMaX:
- paJlio3B'sA30K;
- MIKpOXBHWJIbOBI CUCTEMU TEepeaaui;
- Ta3epHI CUCTEMH Tiepeadi;
- iH(pauepPBOHi CUCTEMU TIepeIadi.
Panio3B'si3ok

HaiinommupeHimuMu 4aCTOTHUMH Jl1alta30HaMHU JIJIsi CUCTEM Tiepeiadl JaHuX €:
136 — 174 MI't, 400 — 512 MI'mi, 820 — 960 MI'my, 2,4 I'T, 5 I'T, 10 — 12 I'Tmr, 30 —
35 IT11 1 Buite.
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Yum BUIIE 4acCTOTa, TUM BUIIE MIBUJKICTH MMEepeaavi, MEHINE TabHICTh, BUIIE
BUMOTH 70 3a0€3MeUYeHHs MPSAMOi BHIAUMOCTI W OLIbINE YYTIMBICTH IO 30BHIIIHIX
daxTopiB (morogui ymoBu). s wactor Oimemie 30 MIm ioHocdepa 3emi
mpo3opa i CJIEKTPOMArHiTHUX XBWUJIb, OTXKE, XBWJl 3 TAaKUMH YacTOTaMHU
MOIIUPIOIOTHCS TUIBKU B MEXKaX MPSMOi BUIUMOCTI. Hns gactor menmie 30 MI'n
XBUJIl BiIOMBAIOTBCS BiJ 10HOC(EpH, 1 3a pPaXyHOK MHOXMHHUX B1JIOMBaHb BIJ
ioHOc(epr ¥ 3emiti, MOXKYTh TIOIIUPIOBATHCS HA BEJMKI BiACTaHI 0€3 HOTpUMaHHS
BUMOTH NPSIMOi BUIMMOCTI MIXK ITpUIIMayeM 1 mepeiaBaueM.

EnexrpomaruitHi xBuii B aiama3oHi meHmie 1 [T 3Bu4aitHO po3misiAatoThCst
AK PaIOXBUJIlI W MOUIMPIOIOTHCS BIJHOCHO BCEHAIPaBIEHO Bl MepeAaBalibHOI
aHTCHHU.

IcHye HAacCTynHMI poO3MOALT paaio/Iiana3oHy:

- cepenni yacrotu (MF): 535 — 1605 [ (ammiiTygHO-MOIyJIbOBaHE
PaglOMOBIICHHS );

- Bucokl vactotu (HF): 3 — 30 MI'n (kopoTKOXBWJIBOBE pajiioMOBIIeHH:). Lleit
Jlara30H BUKOPUCTOBYETHCS B JACSKHUX TJIOOQIBHUX CHCTEMax TNepenayl AaHuX 3i
mBuaKicTIo 10 2,4 Koit/c;

- myxe Bucoki yactotu (VHF): 88 — 108 MI'11 - yacToTHO-MOAY IhOBaHE
pamgiomoBieHHs;, 54 — 88, 108 — 174, 174 — 216 MI'u — VHF tenemoBnenHHs;

- yaeTpaBucoki yactotu (UHF): 216 — 470 MI'u, 470 — 890 MI'u — kabenbHe
TEJIEMOBJICHHS. BUKOPUCTOBY€EThCA B cHCTeMax Tepeaadi JaHux 31 mBuakictio 100-
400 Koit/c.

MikpoxBWIbOBi KOMYHIKaLil

Cucremu miepeiadi, Mo BUKOPUCTOBYIOTh €IEKTPOMATHITHI XBUJI1 13 4aCTOTOIO
outbmie 1 I'Th, BIAHOCATH O MIKPOXBUIBOBUX. MIKpOXBHIIbOBA TEpeaaya JaHUX
3IACHIOETHCS Y ABOX BUAAX: HA3eMHa i CymyTHHUKOBA.

HazemHa MikpoxBW/jibL0Ba mepeaayda 3IIHMCHIOETECS MDK MPUUMAIBHOIO Ta
nepeIaBalbHOI0 aHTEHAMM, PO3TAIIOBAHMMHU Ha MOBEPXHI 3eMIli, Jaxax OyAWHKIB 1

T.I., 1 BUKOPUCTOBYETHCS, B OCHOBHOMY, /I Tepenadl Tele(OHHMX IMOTOKIB Ha
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BEJIMKI BIJICTaHl Ta MOOYAOBU CHUCTEM Mepeaadl JaHUX, KOJIM MPOKIaaka KaOeabHUX
CHCTEM yCKJIaJHeHa abo moTpedye BeInKuX (PiHAHCOBUX BUTpAT.

MIiKpOXBWIBOBUN 3B'A30K IMIATPUMYE BHUCOKI IIBUIAKOCTI TMepenadi, OJHAaK,
M1BJIAAHUHN BIUTMBY ITOTOJHUX YMOB.

J1o TakMX CUCTEM HalieKaTh HACTYIIHI:
- pamiopelieiiHl cuCTeMH Tepenadi (BUKOPUCTOBYIOTH JIHIWKY MNpUAMAaIbHO-
nepeIaBaIbHIUX aHTEH, SKI PETPAHCIIOIOTh CUTHA Ha Benuki BiAcTadi (mo 30 km);
IIBUJIKICTH Tiepenaul 2-20 M6it/c;
- Radio Ethernet 1 WiMAX: M0xXyTh BUKOPUCTOBYBATH 4acToTH Bia 2,4 no 23 I'Tn,
HIBUKICTH nepegadi 2-52 Moit/c;
- HyperLAN: wacrotu 5, 15 — 15,25 I'T'; notyxHicTh nepenaBaya 1BT; mBuakicTh
nepenayi 1o 25 M6it/c; wactotu 17, 15 — 17,3 I'Tu, noTyxHicts nepeaaBaya 100
MBT; mBuakicts nepegaui 100-150 M6it/c;
- Bluetooth: wacrotu 2,4 — 2,48 I'T', mBuakicTs nepeaadi 1o 723 Ko/c, BiacTans Bija
10 cm nmpu notyxkHOCTI nepeaaBada | mBt, 7o 100 M npu NoTyXHOCTI mepegaBaya
100 mMBT.
CynyTHMKOBiI MiKPOXBHJILOBI KOMYHiKaIlil

BukopucToByIOTbCSI MIKPOXBUJILOBI MPOMEHI, CIPSMOBaHI J0 CYIyTHHUKA Ta
BiJl HBOTO, 1110 TIepeOyBae Ha TeocTalioHapHii opOiTi. Takuii cymyTHUK poOUTH 00epT
HABKOJIO 3eMJIl 3 TaKOIO X HMIBHJKICTIO, 3 KOO 3eMJIsi 00epTaEThC HABKOJIO CBOET
oci. Y pe3ynbTaTi, TaKUi CYMyTHUK 3 Oyb-SKOi TOUKM Ha MOBEPXHI 3eMJll 3/1a€ThCS
HEPYXOMUM.

BucoTta po3milieHHs cynmyTHUKa HaJ MOBEPXHEIO 3emili cTaHOBUTH 36 000 kM,
yac 3aTPUMKH MPOXOJKEeHHs curHainy — 240 — 270 mc.

3a3Buuail BUKOpUCTOBYIOThCA yactotu 6/4 I (38 M6it/c), 14/12 ITu (48
Mobit/c).

PisHoBHIaMu cynyTHUKOBUX cucteM € cucremu DirectPC 1 DVB
(CynmyTHUKOBUM a00 MIKPOXBWJIBOBHM € TIJIbKM NPUMOMHMI KaHam, Uil nepenayi
JTaHUX HEOOXITHWUW OKpEeMMH KaHall, 3a3BHYail MpOBiIHUIN). IcHye Takox cucrtema

NetSat Direct, 1110 € MOBHICTIO CYITyTHUKOBOIO.
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CynyTHUKOBI TpuUiMaiIbHO-TIEpPEIaBajbHl CHUCTEMH MalOTh JOCUTH BHCOKY
HAIMHICTh, MAaIOTh BHUCOKWN KO€(]IIiEHT TOTOBHOCTI KaHaly, aje po0oTa TaKHuX
CHCTEM ITi/IBJIa/IHA BIUIMBY 30BHIIIHIX (haKTOPIB.

JlazepHi komyHikamii

VY nazepHUX cucTeMax Iepeaadi BUKOPUCTOBYETHCS JIa3epHE BUIIPOMIHIOBAHHS
[Y-mianazony,  MonyibOBaHe  JaHUMH, o0  MepenarThCs. 3a3Buuait
BUKOPHUCTOBYETbCA JIBa JIA3€pPHHUX MPOMEH1 JUIA OpraHizauii TyIJIEKCHOTO KaHaly
nepenad. Cucrema OOMEXEHA TpPAHMUIIMU TPSIMOi BUAMMOCTI W 4YyTiuBa J0
30BHIIIHIX (paKTOpiB. 3a3BUYail BIJCTaHb MK NpHiiMaueM 1 MepeAaBadyeM y TaKHX
cuctemax He nepesuinye 150 M; mBUAKICT nepenadi 1o 155 Moir/c.

IndpayepBoni cucremu nepenavi

Cuctemu indpauepBonoi (IY) komyHikailii BUKOPUCTOBYIOTH Hemopori Y
npuiiMadl W mepenaBadi 1 3aCTOCOBYIOThCS JJIsl TIEpe/iadl TaHUX BCEPEIHHI OJHOTO
npuminieHHs. [Y npominbe 3a3Hae Oe3niu BIAOWUTTIB BiJl CTIH 1 CTel W MOMAajgaEe B
npuiiMad. [[1s1 3MeHIIEeHHS 3aracaHHs MOXYTh BHKOPHCTOBYBATHCS BiJOMBAJIbHI
KoBnaku. Pasmiyc mii oOMexXyeTbcs HEBEIMKMMHM BifacTaHsamu. IIBuakicTs mepenadi

TAaHUX CTaHOBUTH 1-2 MOIiT/C.

IuTaHHs NI caMonepeBIPKN Ta KOHTPOJIIO 3ACBOEHHS 3HAHb

1. Buznauutw, siki napameTpu (pizUyHOTO CepeIoBHUIIa Mepeadl BiTHOCITHCS 10
NEPBUHHUX.
2. BuzHauuTu, sKi napameTpu (pi3M4HOTO CEpeIOBHUIIA TIEpeiadl BIIHOCATHCA 10
BTOPUHHUX.
3. BuzHauuTH, 10 SIKOTO TUITY BiTHOCUTHCS KaOENb «BUTA Mapay.
4.BuzHauuTH, AJ11 YOr0 CKPYUYyIOTh POBOJIM B Mapi KaOero «BUTA Mapay.
5. BuzHauuTy, sKuil KpuTepiil MOKIaAEHO B OCHOBY PO3MOLTY KaOeliB «BUTa Mapay
Ha KaTeropii.
6./laTu OIIHKY, YUM KOHCTPYKTHBHO BiJPI3HSIOTHCS KaOeil «BHUTA Mapay pi3HUX
KaTeropiu.
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7. BusHauuTy, SIKUil mapameTp KaOelto MOKJIaJeHO B OCHOBY PO3MOALTY KaOeliB Mo
kareropisim AWG.

8. BuzHauuTtu, sIKk 3MIHIOETBCS JIIaMETP TOKOBEAYUYOTO MPOBITHUKA 31 301JIbIITISHHIM
3HaueHHs1 AWG.

9. BuznauuTu, 10 IKOrO TUIY BIAHOCUTBCS KOAKCladbHUM KaOelb.

10. BusHauuTH, SKUH TUI ONITUYHOTO Kabeto 3a0e3neuye nepeaady CUrHaity Ha
OUTBIITY BiZICTaHb.

11. BusHauuTH, CKUIBKU TUIIB XBUJIb ONITUYHOTO BUIIPOMIHIOBaHHS
BUKOPUCTOBYETHCS MPHU MEPEAAUl CUTHATY YEPE3 OJTHOMOIOBHIA KaOellb.

12. BU3Ha4UMTH, CKUIBKY TUIIIB XBUJIb ONTHYHOI'O BUIIPOMIHIOBaHHS
BUKOPHUCTOBYETHCS MPU TIepeadl CUTHATY Yepe3 0araToMoI0BUi KaOeJb.

13. Buznauutu, B skOMy Ka0eJli iiaMeTp ONTHUYHOTO SIApa CYMIPHUH 3 TOBKUHOIO
XBUJI1 BUITPOMIHIOBAHHS.

14. BusHauuTH, AK€ JXKEPEIo ONTUYHOTO BUIPOMIHIOBAHHS 3aCTOCOBYETHCS MPU
nepeiadl CUrHaIy 4yepe3 OJJHOMOJIOBHUH KaOelb.

15. BuzHauuTH, sKe JKEePEIo ONTHYHOTO BUTPOMIHIOBAHHS 3aCTOCOBY€ETHCS MPHU
nepeaayl CUrHainy yepes 0araToMoJ0BUM KaOeb.

16. BusHaunTH, BUIIPOMIHIOBAHHS SIKOTO YaCTOTHOTO J11alfa30Hy BiTHOCSTH 10
MIKPOXBHUJIHOBOTO.

17. BuzHauuTu, BATPOMIHIOBAHHSI SIKOT'O YaCTOTHOTIO Jl1aa3oHy HEe MoTpelye
3a0€e3MeUeHHsI MPAMOI BUIMMOCTI MIX IpUIMadeM Ta MepeaaBavyeM.

18. BuzHauntu, BUTPOMIHIOBAHHS SIKOTO YaCTOTHOIO Jliafla30Hy MOTpelye

3a0€e3MeUeHHs MPAMOi BUIUMOCTI MK IpUIMadeM Ta MepeaaBadyeM.
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3. TOMOJIOI'TA MEPEXK

Tomnosoriss Mepexi onucye (pizMUHE po3TallyBaHHS CEpEIOBUINA Iepenadl i
MIKITI0YeHUX 10 Hhoro By3miB [O: 1, 4; 11 6].

BuainsroTs HaCTYITHI TUITA TOTIOJIOT1H:

- 31pKOIIOJII0HA CTPYKTYpa ab0 «3ipKay;

- KUIbLIEBA CTPYKTYpPA 200 «KIJIBIIEY;

- IETIIHOBA CTPYKTYpa 200 «IETIsNY,

- IMHHA CTPYKTYypa ab0 «IIHHAY;

- IepeBOMO/II0HA CTPYKTYypa a00 «IepPEBO»;

- IOBHO3B’s13aHa CTPYKTYypa ab0 «CITKay;

- ri0puHa CTPYKTYpa.

Bubip Tiei abo 1iHImIOI TOMOJOTIi BHU3HAYAETHCS MPU3HAUCHHIM MEPEKI,

BUMOTaMHU MO0 HAAIMHOCTI, IO MpeJ] sIBISIOTHCS /10 HEi, BUKOPHUCTOBYBAaHUMHU B

MEpEXK1 TEXHOJIOTIIMH JOCTABKH JTaHUX.

3.1 3ipkonoaioHa cTpyKTypa

VY Takiil TOnoJyIorii KOXKHHUM BY30J1 3'€THAHUH 13 IICHTPATILHUM BY3JIOM OKPEMHUM
b13uaHnM KaHaioM (puc. 3.1).

panianbHUi KaHa

1B — ueHTpaneHuii Byzou

B — By3on

Pucynok 3.1 - 3ipkono1i0Ha TOMOIOT 1S
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Sx neHTpanbHI By3/IM MOXKYTh BUCTYIIATH HACTYITHI IPUCTPOI:

- KOHIICHTPATOPH,

- KOMYTaTopH,

- mynbTuILiekcopu (MUX),

- OaraTomopToRi MOBTOPIOBAYI,

- MapUIPyTU3aTOPH.

Y Takiii Tomojorii JaHi, 3reHEepOBaHI OJHUM BY3JIOM, 3aBXKIU OYAYTh
MPOXOJUTH Yepe3 LEHTPAIbHUM BY30JI, MiJIJIaBaTUCS B HbOMY JOJATKOBiil 00poOii
(He y BCiX cucTeMax) 1 mepeHarpaBISITUCS B OJUH a00 OUIbIle pajiaJbHUX KaHaTIB.

PizHOBH1IOM Takoi Tomouorii € «2ipaanoay (puc. 3.2) i «cknaoua 3ipka» (puc.
3.3).

B — uenTpanbHbIil By3071

B — By301

Pucynok 3.2 - Tomosoris «ripiasiHaa»

3aCTOCOBYETHhCS TPU  HEOOXIMHOCTI 30UTBIICHHS JOBXHHH MeEpexi, abo
KUTBKOCTI TMOPTIB JJIS MiIKJIFOYCHHSI BY3JTiB.

[{eHnTpanbHi By3/iM B TakKiil TOMOJOrIT 3BUYANHHO 3'€AHYIOTh Mik COOO0I0 OLbIIe
MIBUKICHUMH KaHAJIaMH TIepeiadl 3 MOXJIMBICTIO OpraHizailii JeKUTbKOX MapIIpyTiB

nepegadyi gaHux MK By3namu. CKiajHa 31pKa 3aCTOCOBYEThCS IS TOOYIOBU

Marictpaiel y BeTMKUX Mepexax.
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[IB — neHTpasbHbIi By301

B — By301

Pucynok 3.3 - Tononorist «ckiaaHa 31pKay

Kpim xomyrariii kaHaiiB ab0 MakeTiB, EHTPaAJIbHI BY3JU MOXYTh BUKOHYBAaTU
JOIaTKOB1 (DYHKIIIT Y3rOJKEHHS IIBUJIKOCTEN Mepeaayl il IepeTBOPEHHS MPOTOKOJIIB
nepenayi. [Iporpamue 3a0e3mnedeHHs] HEHTPAIbHUX BY3JIIB JI03BOJISIE peajizyBaTH
JI0AATKOB1 (PYHKIIIT 3 KOHTPOJIIO TOCTYMY U 3a0e3nedeHHIo iHhopMaIiiHoi Oe3MeKH.

V 31pKOMnoAiOHII TOMOMOTIT JOCUTH JIETKO 3A1MCHIOBATH MOITYK HECIIPABHOCTEH 1
JIETKO JTOJIaBaTH HOBI BY3JIM B MEPEKY MPU HASIBHOCTI BUTBHUX MOPTIB.

OCHOBHMI HEJOJIIK AaHOI TOMOJOTII — MPU BUXO/I1 3 JIaay [EHTPAIBHOTO BYy3Jia
BCsSI Mepexa OyJie HemparesaatHor. KpiM Toro, MaroTh MicIie JOJATKOBI 3aTPUMKH,
NoB's3aH1 3 00pOOKOI0 KaJaPiB y IEHTPATHHUX BY3JIax.

3ipKono/ii0Ha TOMOJIOrisl € OCHOBHOIO TOMOJIOTIEI0 B JIOKAIBHUX MEpexKax.

3.2. KinbueBa mepexa

Bci By3nmm miakiIrO4eHi 0 3arajbHOTO KIJTBIIEBOTO KaHATy (3BUYAHO depes
IPOMIXKHI TpUCTPOi — OararonoptoBi mnoBTopioBaui) (puc. 3.4). IloBToproBaui
BUKOHYIOTHh (DYHKIIIi pereHepailii CUrHaiy, oJep>KaHHs U repeaadi TaHuX 3 KUTBI 1 B
KUIbIIE; 3a0€3MeuyI0Th JOCTYII 10 3arajbHOro KiJIbLIEBOrO KaHaiy.

[Tepenada maHWX MO KUIBIIO 3aBXIH BUKOHYELOCS TUIBKU B OJHOMY HAIPSMKY.

[Taket, 3reHepOBaHMI TIEBHUM BY3JIOM, HAJIXOJUTh Yy 3araJIbHUM KUTBIIEBHM KaHAT 1
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MPOXOJIUTH MOBHUN 00epT 1o KibIfo. [Ipu mpoMy By3011 ofepkyBad (ampeca sSKOro
3a3Ha4YCHAa y TAKeTi) MpHU OJACpKaHHI MakeTa 3 KUIbIS BUYHUTYE TOJIE JaHWX IS
nepejadi Moro BMICTY IPOTOKOJIAaM BEPXHIX PIBHIB IS HACTYHmHOI OOpoOKM M
BIJIIIpaBIIsie MAaKeT fajii B Kutbie. Koiu makeT mocsrae By3ia BiAMpaBHUKA, OCTaHHIN

IMOBUHEH BUIAINUTHU HOTr0 3 KUIBI.

IT — nosTOproBau

(8) BM .
.\ B-M — By3011 MOHITOp
\. B- By3on

I%

Pucynok 3.4 - KuiblieBa TOnoJioris

By3051-MOHITOp BUKOPHUCTOBYETHCS HE 3aBXAU. 3BUYAMHO BIH CIYKUTh IS
BUJIAJICHHS 3 KUIbILSI CIIOTBOPEHUX TIAKETIB, SIKI HE MOXE pO3IMi3HATU BY30JI-
BIJIMTPAaBHUK, 200 MAaKETiB, BIAMPABICHUX BY3JIOM, IO BXKE MPHUIUHUB CBOIO POOOTY.
KpiMm 1poro, BY30J-MOHITOp 3amyCcKae Kuiblle B PoOOTy, BUKOHYE (DYHKII IO
TECTYBaHHIO KUIbIL M 00poOJisie pi3HI MOMUIIKOBI cutryamii. Jleski crnocoou
oprasizaiii KiJiellb BUMararoTh CHEIiaJbHOTO YIPABIIHHS, III0 BUKOHYETHCS BY3JIOM-
MOHITOPOM.

JUis miAKITIOYeHHS HOBUX BY3JIB Y KUIbLIE BHKOPHUCTOBYIOTHCS CIIELIaJIbHI
3'€¢IHyBaul Ha MOBTOpIOBAaYaxX, IO 3a0€3MEUyIOTh IIBHUJKE MIIKIOYEHHS 0
NOBTOpIOBavya 0e3 3yNMUHKU poOOTHM Mepexi. Take MiAKIIOYEHHS BHOCUTH CIIa0Ky
3aBaJly B Ilepelady JaHUX, a TMpoueaypu OOpoOKM MOMUJIOK JO3BOJISIOTH
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IPOAOBXKUTH (PYHKLIOHYBaHHS KUIbLA. 3yNMHMHKA MEpEXi MOXe 3HanoouTucs y
BUITAJIKY 30UTBIIEHHS KUTBIS 32 JOTIOMOTOI0 HOBUX CETMEHTIB 1 TOBTOPIOBAYIB.

BukopuctanHs TIIBKM OJHOTO HAIPSIMKY Nepenayl JaHuX J03BOJISE CIIPOCTUTU
MPOTOKONM Tepefavi. Y Mepekax 3 KUIBIICBOK TOIOJOTIED JOCHTh IMPOCTO
3MIMCHIOETBCS MapUIPYTHU3allisl W JIETKO peami3yloThCcs TMPIOPUTETHI cxeMH. K
CepelloBUIIE TIepeaadl MOXKYTh OyTu BuKopucTani Bei Tunu kademnis (KK, BII, BOK).
Taxa TOmOJIOTISI 3aCTOCOBYETHCS B Mepexkax craHaapty 802.5 («MapkepHe KiIbLe»),
y TonepeaHuKy 1poro cranaapty - mepexi IBM Token Ring, a Takox, y Mepexax
FDDI.

OaHuM 13 KPUTHUYHHUX MUTaHb IPU BHUKOPUCTAHHI KUIBIEBOI TOMOJOII €
HaJIHHICTE POOOTH Mepexi. [l MmiaBHINEHHS HATIMHOCTI BHKOPHUCTOBYIOTH JBa
M1IXO/IH.

1. Tlongiiine kinblle ( 3acTocoByeThes B Mepexax FDDI) (puc. 3.5).

OCHOBHEC

pe3epBHE

Pucynox 3.5 - Tonosorist «rmoaBiiHE KUTBIIE»

VY 3BUYaHOMY pexuMi poOOTH ISl Tiepe/iayl JaHUX BUKOPUCTOBYETHCS TUIBKU
OCHOBHE K1JIbII€, CETMEHTH PE3EPBHOTO KUIBIIS MiAKIIOYAIOTHCS 10 OCHOBHOTO TUIBKU
Ipy BUXOJl 3 Jaay SIKOro-HeOyJb CETMEHTa OCHOBHOTO KUIBISI ab00 MPOMIKHOIO

KOHIleHTpaTopa. [IpoTunexHi HanmpsIMKA Tepenadi JaHUX B OCHOBHOMY W
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pEe3epBHOMY KIJIbIIl JO3BOJISAIOTH Yy I[bOMY BHIIAJKy JIETKO BITHOBUTH KIJIBIEBY
TOTIOJIOTIIO.

2. BuxopucTtanHsa 00XigHUX HUIAX1B (puc. 3.6).

/

OOXITHUA NUIAX

OCHOBHMH KaHa

Pucynok 3.6 - BukopucTtanHs 00X THUX IIIAX1B

k1o BUXoauTh 13 Jaay notoproBauy C abo oaun 3 kananis ( B-C abo C-D), To,
Bpy4YHY a00 aBTOMATUYHO, MIAKIIOYAEThcs 00xiaHui kanamy (B-D). Lle cnoci6 mae
OOME)XEHHSI — SIKIIIO HECIpaBHi JBa a00 OuIbIIe CYMIDKHI MOBTOPIOBaYi, TO MEpekKa

mpaifoBaTu He Oyie.

3.3. [lerib0Ba Mepexa

K — xoHTpoOmiep

B — By3o0n

\ KiTBIIbOBHI

KaHall

Pucynox 3.7 - IleTnpoBa TOmosoris

Bci By3nu mpuenHaHi 10 KUIBLIEBOTO KaHaly W OJWH 3 BY3JiB (KOHTPOJED)
BUKOHY€ Kepyroul QyHKIi i peanizye npoToko nepeaayi nanux (puc. 3.7). Bin abo

MPOBOAUTH LIMUKJIYHE OMUTYBAHHS BY3J11B Ha HASBHICTh JIAaHUX MJIA Tepeaadi, adbo
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MOCUJIAE CTeIlaIbHUM MaKeT y KUIbLIeBHA KaHal. Taka TOMOJIOrisi BUKOPUCTOBY€ETHCS
TUTST 1 AKTIOYEeHHS HU3bKOILIBUAKICHUX IPUCTPOIB (HampHKIaz, y
OaratoTepMiHaJBHUX KOMIUIEKcax). Tak sIK KepyBaHHS MEpEeXKel0 peani30BaHO B
OJHOMY Miclli (Ha KOHTPOJEpi), JErKO peani30ByBaTH MPIOPUTETHI CXEMHU.
[loBTOpIOBaui B Takux Mepexax BHUKOPHUCTOBYIOTHCS PiIKO, TOMY IO JOCTYI O
3arajlbHOTO KaHally KOHTPOJIOEThCA IIEHTPalli3oBaHO KOHTposepoM. IleTnboBi

MepeXi 3a3BUYail KOPOTKI, a MBUAKICTH Mepeaadi TOCUTh HU3bKa.

3.4. lHlyuaua TomoJiorist

[[lvaHa ToOMOJIOTisl SBJIIE COOOIO JIHIMHE CEPENOBHINE Iepenadl, 0 SKOTO
MIJKJII0YAI0ThCSl BY3JM 3a JOMOMOTOI0 BIJIHOCHO KOPOTKUX 3'€HyBauiB. [laHi Bij
BY3JIIB BIJIPABISAIOTECA B 00HMABa OOKM MO 3arajbHOMY IIMHHOMY KaHamy. Jljis
3armo0iraHHs BiIOUTTSI CUTHAIIB BiJl KIHIIIB IIIMHY, IIMHA TEPMIHYETHCSA 3 000X KIHIIIB
MPUCTPOSMHU, IO TOTJIMHAIOTh CHUTHAT - TEpMIHATOpaMH. TepMiHATOpH SBISIOTH
co00I0  Y3rO/KyBallbHE HABaHTAXCHHS, XBWJIBOBHHM OMIp SIKOTO JIOPIBHIOE
XBUJILOBOMY OTIOpY KabOemro. Sk cepemoBuine nepenadi BUKOPUCTOBYETHCS TOHKHMA
ab0 TOBCTUM KoakcianbHUM kabenb. CepenoBulle nepeaayl MOBHICTIO macuBHE. Ha
NUIAXY TPOXO/PKEHHS CUTHAIY BIJACYTHI Oyb-siKl aKTHBHI NPUCTPOi (CHUTHAN HE
MIJIAETHCS SIKIM-HEOY b 00pOOIIi).

[Ipuennanns By3miB 10 KaOEIbHOrO CErMEHTa MOXKYTh OyTH BHUKOHaHI 3a
JOTIOMOTO010 T-KOHEKTOpPiB («TOHKMIT» KOaKciaibHUN Kabess), abo 3a JOMOMOTO0
30BHIIIHIX NpHiiMadiB-TiepeiaBaydiB («TOHKUN» 1 «TOBCTUI» KOAKClaJbHUN KaOeb)
(puc. 3.8). Taki ypizaHHsS B KaOellb 3aBXIU BHOCATH MOTPINTHOCTI B €JIEKTPUYHI
XapaKTEPUCTUKU KaOelIbHOrO0 KaHaly, TOMY ICHYE OOMEXEHHS Ha MaKCHUMaJbHY
KUIBKICTh ypi3aHb Ha KaOEIbHOMY CErMEHTI i MiHIMaJIbHa BIJICTAaHb MK HUMHU.

Taka Tomosoris Ma€e BiTHOCHO HU3bKY HAJIHHICTh. Y MIMHHUX Mepexax MOIIyK

HECIPABHOCTEH € TIOCUTh TPYAOMICTKUM IIPOIIECOM.
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— T — TepmiHaTop

/ B — By3on
T ) @ | ﬂ

M/
% <«——— TpaHCHBEpHHUH Kabenb

Pucynok 3.8 - [lluanHa TOmosoris

3.5. lepeBonoaioHa TOMOJIOTIsA

SABnsie coboro0 KibKa MIKH, 3'€qHAHUX MK coboro. [Ipu 1boMy ojHa 13 HIMH
OCHOBHA (MaricTpaJibHa), 0 SKOi MMiIKJIF04YeH] O14H1 ITUHHU.

€ nBa BapilaHTH MIAKIIOYEHHS O1YHUX IIMH: Yepe3 MACUBHI PO3raiyxyBaul (puc.
3.9) 1 uepes akTUBHI po3ranyxyBadi (puc. 3.10).

OCHOBHUM HENIOIKOM TaKMX TOIOJOTIH € T, 1110 CUTHAI Yepe3 MaricTpalibHy U
O14HI IMHU OyJe MPOXOAUTH 3 PI3HOIO IIBHUJIKICTIO M MO-PI3HOMY BiIOMBATHUCS BIJ
KpaiB 3a paxyHOK PO3XO/)KE€Hb €JIEKTPUUYHUX XapaKTEepUCTUK IIKH. L{e mpuBoauTh 10
JOIATKOBUX NOMMIIOK TIepenayl i, y pe3yJibTaTi, NPOMyCcKHa 3AaTHICTh TAKUX MEPEX
Oyze MEeHIle, HK y 3BU4aiiHOT IIUHHU.

€ 1me oauH BapiaHT MOOYIOBH JEPEBOIOAIOHOT MEpPEeXKi, 10 3aCTOCOBYETHCS Y
Mepexax Ethernet Ha koakcianbHOMy KaOeni. OqHa muHA TYT Oyl MaricTpajbHOIO,
70 SKOi TMIAKITIOYAIOTHCS 3BUYAMHI BY3JM M, Yepe3 MPOMDKHI MOBTOpIOBadi, Oi14HI
mHY. JlomaTkoBe MiIKIFOYEHHS IIWH 10 O1YHUX IIUH HE JomycKaeThes (puc. 3.11).

VY Takiil cTpyKTypi iCHye 0OMeXEeHHsI Ha MaKCUMaJlbHY KUIbKICTh IIOBTOPIOBAYIB
Ha LUIIXY MPOXOJKEHHS CUTHAIY BiJ By3ja 10 By3ia (MOB'A3aHE 13 3aTPUMKOIO

MPOXOJIPKEHHS CUTHATY Yepe3 KaOeslbHl CErMEHTH 1 MPOMIXKHI OBTOPIOBAY1).
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T — Tepminarop

B — By30n

e ypi3aHHA
® T
®

Pucynox 3.9 - IliaknroueHHst 619HUX MIMH Yyepe3 MacuBHI pO3raryKyBadi

T ] rm] T
—

‘ [ 1 JC I ] | | CIC L] L\_l]l\ TpaHcHBepHHil kKabenb

AKTUBHHN / \
po3ranyKyBau e e e e

T — Tepminarop
B — By3o1

[/IT — mpuitmau-niepenaBay

Pucynox 3.10 - [ligkitoueHHst O1YHUX IIMH Yepe3 aKTUBHI pO3raityxyBayi
Y NmopiBHSHHI 31 3BUYAMHOI0 IIIMHHOIO TOIOJIOTIE0 JaHA TOMOJIOTIA Ma€ OUIbII

BHUCOKY HAQIIMHICTh — BiIMOBa OIYHOTO CErMEHTAa HE MPUBOAUTH 0 3yMMHKU POOOTH

BCIET MEpexi.
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Pucynok 3.11 - XpebeTHo-pebepHa TOMOJIOT s
3.6. [loBHO3B’s13aHa CTPYKTYpa (CiTKa)

KoxHuii By301 3'€eqHaHuil OKpeMUM (DI3UYHUM KAHAJIOM 3 OyAb-SKUM I1HIIUM
BY3JIOM Mepexi. Y pe3ysbTaTi, KOKHUM By30J1 MOBMHEH MaTu Oe3liu iHTepdeiiciB
JUTSL THIKJTFOYSHHS IO BCIX JIiHIN 3B's13Ky (puc. 3.12).

Jlana Tomosoriss Ma€ HaBUILY HAAIMHICTH 1 J103BOJISIE OpPraHi30ByBaTu Oe3iid
MapuIpyTiB Mepeaavi JaHUX. 3a3BUYaii, y poJil By3JiB BUCTYNAIOTh TaKl MPUCTPOI, SIK

KOMYTaTOPHU ¥ MAPLIPYTU3ATOPH.

(B)

B — By3o01

BB

Pucynox 3.12 - Tonosnorist «ciTka»
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Henomikom Tomosorii € BUCOKa HAIJIHUINKOBICTH 1HTEp(EHCIB Ha By3lax i
KaHaJiB nepenavi, eeKTHBHICTh BUKOPUCTAHHS SIKAX € JOCUTh HU3KOI Yy BUIAJKY,
KOJIM BY3JIM HE Ty)K€ IHTEHCUBHO OOMIHIOIOTHCS JAaHUMHU. Y YHCTOMY BHTJISII 11
TOTIOJNIOTiSI HE BUKOPUCTOBYETHCS. 3a3BUYail OpPraHi3OBYETHCS KuIbKa (DI3MUYHUX

KaHaIIB, 5Kl 3'€IHYIOTh HAHO1IbIIT KPUTUYHI BY3JIH.

3.7. I'iOpuana cTpykTypa

SBnsge co0O0 CHOMYYEHHS PI3HUX TOMOJIOTIM 1 3a3BUYail 3aCTOCOBYETHCS B
rII00aIbHUX a00 TEPUTOPIaTBLHO-PO3MOAUICHUX Mepexax. Y I[bOMY BHUIIAJIKY [0
MaricTpaii, MmoOyJI0BaHOI 3 BHUKOPUCTAaHHSIM OJIHIEI 3 TOMOJIOTiM (CKIaaHa 3ipKa,
IIMHA, CITKA, KUIblLIE) NPHUEIHYIOThCA TepudepiiiHi CerMEHTH Mepexi, y SKHUX

BUKOPHUCTOBYIOTHCS TOTOJIOT1{ K1JIbIIE 200 3ipKa.

IuTaHHs 1M caMonepeBIPKN Ta KOHTPOJIIO 3ACBOEHHS 3HAHb

1. BuzHauuTy, 1110 ONKUCYE TOMOJOTIS MEPEXi?

2. SIki BUIIIISAIOTE OCHOBHI BUIAM TOTIOJIOT1N Mepexk?

3. BusznauuTu, sika 3 TOMOJIOT1# niepeadavae HasiBHICTh IIEHTPATILHOTO KEPYIOUOro
By3J1a

4. BuzHauuTy, B SIKiH 3 TOMOJOTN yC1 By3/1H 0€3MocepeIHRO 3’ €IHAHI 3 [ICHTPATbHUM
BY3JIOM.

5. HaBenith npuKIIagu IpUCTPOIB, K1 MOXKYTh BUCTYIIATH Y SIKOCTI IEHTPAIIBHUX
BY3JI1B B 31pKONO110H1I TOTIOJIOT.

6. SIx1 (byHKIIIT MOKe BUKOHYBATH LIEHTPAJIbHUM BY30J1 B 31pKONO110H1H TOTOJIOT1i?
7. J171st BUPIIICHHS SIKUX 3a7]a49 BUKOPUCTOBYIOTH TOTIOJIOT1IO «CKJIa/IHA 31pKay?

8. Buznauutu, sika 3 TOMOJIOT1H nependavae nepeaady JaHUX Bij By3ja TUIBKHU B

OJIHOMY HAaIIpsIMKY 110 3arajJbHOMY KaHAJIy.
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9. 3a 1OMOMOT010 SKUX MPUCTPOIB MiIKIFOYAIOTHCS BY3JH J0 3arajJbHOTO KUTBIIEBOTO
KaHaiy?

10. HaBeaiTh OCHOBHY BiIMIHHICTh METJIHOBOI TOIOJIOT1] BiJl KIIBI[EBOI.

11. BusnaunTw, siKa 3 TOTMOJIOTIH Mepeadayae nepenady JaHuX Mo KaHaTy B yci
CTOPOHM BiJ] By3Ja.

12. BuznauuTty, siki METOIU 301TBIIICHHS HAJIIMHOCT1 3aCTOCOBYIOTh Y KIJIbIEBiH
TOTIOJIOT .

13. Buznauurtu, 111 40T0 TEPMIHYIOTH KIHII IITMHHU.

14. SIk1 iIcHYIOTh BapiaHTH HIAKIIOYEHHS BY3JIiB 10 3araJIbHOTO IIMHHOTO KaHay?
15. o xapakTepHO JJIsl AEPEBONOAIOHUX TOMOJIOT1NA?

16. SIki iIcCHYIOTh BapiaHTH MIJAKIIOYEHHSI OOKOBUX IIIHMH Y JIEPEBOMNOIIOHUX
TOMOJIOT1sX?

17. Slxkuit OCHOBHUI HEJIOMIK AEPEBOINOAIOHUX TOMOIOT1i?

18. o siBnsie cobot0 XpebeTHO-pedepHa TOMOJIOT1s?

19. 3a paxyHOK 4oro 301/1bIlI€Ha HaAIHHICTh Y XpeOETHO-PEOEPHIi TOMOJIOTI] Y
MOPIBHSIHHI 3 JIEPEBOMNO110HOI0?

20. [Ilo xapakTepHO AJisi TOMOJIOTIT «CITKa»?
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3. MEPEKHA APXITEKTYPA

[Tig apxXiTEKTYypOIO PO3YMIETHCS KOHIIETIIIiSI O0UMCIIOBATILHOI CHCTEMU 3B’SI3KY,
110 BU3Hayvae ii pyHkii, inTepdeiicu ta npoueaypu [O: 1, 3; J1: 7, 8].
Buxonsuu 3 mpUHILKIIIB OpraHizallii MEpeXHUX PecypciB, MOXKHA BUIIIUTH 1B
0a30B1 PI3HOBUIU MEPEIKHHUX apXITEKTYP:
— OJIHOPAHTOBI, a00 PIBHOPAHTOB1 MEPEKIi;

— MepEeXi TUITY KIIIEHT-CEpPBEp.

Pisnopanzosa mepesica (Peer — to — Peer)

Bci By3nmu Mepexi SIBISIOTbCS PIBHOIIPABHUMHU, BUKOHYIOTh OJHAKOBI (DYHKIIIT
N0 KEPYBaHHIO JIOCTYIIOM JI0 MEpEXl Ta MEpPEKHUM pecypcaM. 3arajbHi MEpe’HI
pecypcu PpO3MOJIUIAIOTBCS MK By3JIaMHd B MeEpexXi; BCl MEpPEXHI J0JaTKH
BUKOHYIOTHCSI Ha JIOKAJIbHUX By3iax. [IpukiamoM Takux Mepexxk BHUCTymae '"polOoda

rpyna", nooynoBana Ha Windows-cucremax.

Mepeosica knienm-cepeep

Cknanaerbcs 3 MHOXKHHU POOOYMX CTaHIIM (KIIEHTIB), 110 OOMIHIOIOTHCS
1H(opMalliero 3 0OMEKEHOI0 KUIBKICTIO BY3J1iB, HA3UBaHUX cepBepaMu. [1ix cepBepom
pPO3yMIIOTh BY30J1, SIKi-HEOYb PECYpPCH SIKOTO BUJUICHI B 3arajbHe BUKOPUCTAHHS 3
Oprasizaii€ro €JuHOr0 IEHTPAII30BaHOTO JAOCTYIYy JO IHUX pecypciB (daim-cepsep,
MIPUHT-CEpPBEP, CEpPBEP AOJATKIB U T.I.). B Takiil apxiTeKkTypi BCl 3arajibHi MEpEKHI
pecypcu 30cepekeHl Ha cepBepax. Bci MepexHi A0JaTKH B KIIEHT-CEPBEPHIM
apXITeKTypl MalOTh HACTYIHY OCOOJIMBICTh: OJHA YacTHHA Mpolecy OOpOOKHU
iH(dopMallli BUKOHYEThCS Ha KIIEHTI, 1HIIA — Ha cepBepi. llpukianom Takoi

apXITEKTYpH SABISEThCSA JoMeH Windows.
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4.1. Mopenb MepeKHOI apXiTeKTypH

TeopeTnuHy OCHOBY (YHKIIIOHYBaHHSI OyIb-IKUX 1H(OOPMALIMHUX CHUCTEM
YTBOPIOE €TaJIOHHAa MoJeib B3aemomii Bimkputux cucteM OSI/ISO (MixxHapomHwmii
crangapt ISO 7498 (1977 p.)) [O: 1, 2, 3; 1: 7, 8].

Mogpens OSI Bu3Hauae piBHI MEPEXKHOI apXITEKTypH 1 MPOLEAYPU B3a€EMO/IIT B
iHpopMmariiiHux cuctemax. OCHOBA 1/1ed MOJIENI TMOJIATaE B TOMY, IIO BECh MPOLIEC
B3a€EMOJIii PO30MBAETBCA HA OKpPEMI pPIBHI, KOXKEH 3 SKHUX BHKOHYE BHU3HA4YCHHI
¢GyHKLIT 1 B3a€EMOJIE 3 CYCIIHIMU PIBHSAMH Yepe3 MIKpIBHEBI 1HTepdeiicu. DyHKIIIi
pPIBHIB MOXYTh pE€aTi30BYBATHCh MPOTPAMHUMH, amapaTHUMH abo amapaTHo-
IPOrpaMHUMU 3ac00aMHu.

OcHOBHI 3a/1a4i, 1110 BUPIIIYIOTHCS MOJIEIUIIO, HACTYIIHI:

— CTaHJapTu3allis OOMIHY JaHUMH MK CUCTEMaMH;

— YCYHCHHA 6y,Z[I)-$IKI/IX TEXHIYHUX MICPpCIKOa AJIsd 3B’H3Ky CHCTCM,

BU3HAYECHHS TOYOK B3a€MOJIIT JUIsi OOMIHY TaHUMH MK CHCTEMaMUu;
— 3a0e3Me4yeHHs PO3YMHOI MOXJIMBOCTI BIJXOJKCHHS BiJl CTaHJApTIB,
SIKIIIO BOHU HE 33JI0BOJILHSIOTH BCIM BUMOTaM KOHKPETHHX CHUCTEM.
Mopenb CKIaga€eThCsi 3 CEMU PIBHIB, KOXKEH 3 SKUX JJIsi BUKOHAHHS CBOiX
(GyHKLIA BUKOPHCTOBYE TMOCIHYrM PIBHIB, II0 pO3TAIIOBaHI HWXKYE 1 Hajaae
BHU3HAYECHMI HAOIp MOCTYT BUILEPO3TAILIOBAHUM PIBHSIM.
B monem OSI Bu3HadeH1 n1Ba MeXaH13MH B3a€MO/I1l CUCTEM:
— TOpHU3OHTAJIbHA MOJEJIb — OplIEHTOBaHa Ha mpoTokoyu. Ciayrye mis
OMHCY B3a€EMO/IIi MK MporpaMamMu abo MpoIlecaMy Ha PI3HUX KiHIEBUX
cuctemMax abo By3/ax, pO3TalllOBAHUX HA OJTHOMY PIBHI MOJIEII;
— BEpTUKaJbHA MOJIENIb — Opi€eHTOBaHAa Ha noaaTku. Ciyrye mjisg omucy
B3a€EMOJIIN Mk PIBHSIMU BCEPEIMHI OJHIET KIHIIEBOT cucTeMu abo By3Ja.
B oMy BUNaaKy B3aeMojis BiOYBAa€ThCS 3a IOMIOMOTOIO iHTEpdeEiiciB

OPUKIAAHUX TMporpaM, IO BHU3HAYAIOTh (PYHKIIOHAIBHUM CKiIa
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KOKHOTO pIBHS 1 3a0€3MeuyroTh MEXaHI3MU BHKOPUCTAHHS OKPEMHX
GbYHKITIH.

Crpykrypa mogem OSI mae HacTynHul Burisia (puc. 4.1).

KiHueea cucTemal KiHUEEa CHCTEMA 2
MNpoTokonm
A —— MNpuKknagHWH
*l A HIBRIE ‘lf T MpencTaBHWLE KW
v H = ’T CEeaHCOEMH
~!x s *Jf t | TPaHCNOPTHWA
v H v 4 | MepexHua
v s o W t, | FEHENEHHIA
aF T | DizM4HMA
[: | TizvdHa cepea nepegadl [ x|
! L

Pucynox 4.1 - Ctpykrypa moneni OSI

1. IlpuxknagHuii piBeHb — MICTUTH MPHUKIATHI MPOIECH, CIY>KOH, MPOTOKOIH, IO
3abe3neuyoTh 00poOKy iHdopmarii. 3abe3nedye OesmocepenHii  OOMIH
1H(popMaIi€r0 MK KIHIEBUMHU JA0JAaTKAMH, KOPUCTyBauaMH 1 By3namu. Ha npomy
piBHI ICHy€ KUIbKa THUMIB TPOTOKOMiB. lle mpoTokoaM 11 KOHKPETHUX
cnenupIYHUX JOAATKIB 1 3arajibHi MPOTOKOJM JUIsl MIATPUMKUA KOPHUCTYBadyiB 1
Mepexi (KepyBaHHS JIOCTYNIOM, I[I€pEBIpKa TOBHOBaXEHb KOPHUCTYBaUiB 1
KoMI'ioTepiB 1 T.1m.). [lpukiamamMu TPOTOKONIB JAHOTO PIBHS SBISIOTHCS
npotokosi FTP, SMTP, POP3, NNTP Ta 1nmi 31 creky TCP/IP.

2. IlpenctaBHUILKHI PIBEHb — BHUKOHYE (PYHKIlII TEPETBOPEHHS CHUHTAKCUCY Ta
dopmariB maHMX, a TakoXX mudpyBaHHS 1 Aemm(pyBaHHS TAaHUX B TPOIECT iX
poXOoKeHHs 1o Mepeki. OCHOBHA 3a/ada PiBHS — 3a0€3MeYUTH HE3aJeKHICTh
MPUKIAIHUX TPOIECiB Bif (GopMaTiB 1 CHHTAKCHUCIB JIaHUX, IO TMEPEIAIOThCS.
Hampuknan, Ha 1npoMy piBHI peasli3oBaHl PI3HOMAHITHI CHUCTEMHM KOJYBaHHS,
J0JIaTKOBI MpoueAypH MUPppyBaHHs/AeInPpyBaHHS TaHUX.

3. CeaHcoBUii PIBEHh — BH3HAYa€ MeEXaHI3MHA BCTAHOBIICHHS, ITJATPUMKH 1

3aBEPIIEHHS CEaHCY 3B'SI3KYy MK J0JIaTKaMu a0o MpoliecaMy Ha PI3HUX KIHIIEBUX
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cuctemax. Ha 1mpoMy piBHI BU3HAYA€THCA CTPYKTypa KEpyBaHHS B3a€MOJIEIO,
MOYaTOK 1 KiHElb 3aBJaHb, TPUBAJICTh 1 PEKUM BEACHHS CEaHCY 3B'A3KY,
BIJTHOBJICHHSI C€aHCy 3B'A3Ky 0e3 BTpaTH JaHUX B BUMNAAKY Oyab-siKUX 300iB.
[IpuknamoM BHUCTYMalOTh PI3HOMAHITHI MeXaHI3MH OOMiHY JaHuMH (3
BUKOPUCTAHHSM IMEHOBAaHUX KaHANIB, 4Yepe3 BUKIMK BIAJAJIECHUX MPOLEIyp,
gyepes COKeTH 1 T.11.). [HhopmarltiiiHuii 06'eKT ceaHCOBOTO PiBHS, 1110 BKJIIOYAE JIaH1
BEPXHIX PiBHIB, 3a3BUYail HA3UBAIOTH MOBIIOMIICHHSIM.

TpancnopTHUll piBeHBb — 3a0€31Meuye CTIMKUM 10 3001B MeXaHI3M Iepeadl JaHuX
MDK KIHIIEBUMHU By3inamu. Ha 1pboMmy piBHI 371HCHIOETBCS 30ipKa 1 po30ipka
MOBIJOMJIEHb CEaHCOBOT'O pIBHS, ()OPMYyBaHHsS MAKETIB, JIOCTaBKa JAHHMX BIJ
CUCTEMHU-BIJIIIPaBHUKA JI0 CUCTEMHU-OTpUMyBaya. [IpukiianaMmu mpoTokoiiB 1bOT0
piBHs sBisitoThes npoTokosi TCP 1 UDP 31 creky npotokoiiiB TCP/IP 1 mpoTokon
NetBEUI 31 creky NetBEUI/NetBios. Indopmariiitnuii 00'eKT TpaHCIOPTHOTO
PI1BHSI HA3UBAIOTh ITAKETOM.

MepexxHuil piBeHb — BUKOHY€E (YHKIIIT aapecalli, popMyBaHHA 1 po3(OpMyBaHHS
MaKeTIB JaHUX, Opraizaiii 1 MATPUMKH BIpTyaJIbHUX 3'€IHAHb, MapIIPyTH3AIlii
nakeTiB AaHuX. [IpUKIagoM MPOTOKOJIIB MEPEKHOIO PIBHA BHUCTYIAE MPOTOKOJ
IPX 31 teky mporokomniB IPX/SPX, mportokon IP 31 creky TCP/IP, mpoTtoxon
NetBEUI 31 creky NetBEUI/NetBios, pisHOMaHITHI TpOTOKOJIM MapHIpyTH3aIlii
(RIP, OSPF 1 1.1.). Ha uboMy piBHI IpaIfor0Th Takl anmapaTHO-MPOrpamMHi 3acoou,
AK MapHIpyTHU3aTOpH 1 KOMYyTaTopu TpeThoro piBHA. [HbopmariitHuii 00'ekT
MEPEKHOTO PIBHS Ha3MBAIOTh MAKETOM.

KananpHuii piBeHb — BU3HAUA€ MPOTOKOJ KEpyBaHHS KaHAJIOM Tepenadi JaHuX.
[HdopmariitHuil 00'€eKT KaHATHLHOTO PIBHS Ha3MBaIOTHh Kaapom. Ha mpomy piBHI
BUPILIYIOTHCS 3a/1ayl BCTAHOBJICHHS, MIATPUMKHU 1 pO3'€AHAHHS KaHAy mepenadi
JaHUX, KepyBaHHS MMOTOKOM KaJpiB KaHAJILHOTO PIBHS 4Yepe3 KaHal mepenadi, a
TaKOXX BHUSBJICHHS TIOMHJIOK IIepejayi, TMOB'si3aHUX 3 (PI3MUYHEM piBHEM.
[IpuknagoM MOPOTOKOJIIB KaHAJIBHOTO PIBHA € MpOTOKoJ crangapty 802.3 —

MJKH/BK (MHOXUHHMI JOCTYN 3 KOHTPOJIEM HECY4Oi Ta BUSABIIEHHSAM KOIi3ii),
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a6o mpotokon Ethernet. Ha oMy piBHI mpamoroTh Taki amapaTHi 3aco0W, siK
MEpEeKHI afanTepu, KOMyTaTOPH.

7. ®O13uyHUN piBeHb — 3a0e3meuye MEXaHIuHi, €JIeKTPU4YHI, (PYHKIIIOHAJIbHI Ta
MPOIIEIYPHI 3acO00M MIAKIIOUeHHS 10 (i3uyHOi cepenu mepenadi 1 mepenady
JTaHuX 4depe3 (Pi3uuHy cepely y BUIUISIAL €eKTPUYHMX a00 ONTHYHUX CHUTHAJIB.
[Tpuknagamu cnenudikariii Gi3MYHOTO PiBHSA BUCTYIAIOTH crierudikaiii Mepexi
Ethernet 10Base-2, 10Base-T, 100Base-TX, 100Base-FX, 1000Base-SX,
1000Base-LX 1 T.11.

[Ipu npoxXomKeHHI OJAMHMII JAHUX MIXK PIBHSAMH, IO HUX Ha KOKHOMY pIBHI
JOJIA€ThCS Y BUIJIAJL 3aroJioBKa 1 KIHLIEBHKAa MPOTOKOJbHA KEpyroua 1HQOpMaris
(ITIKT). O6bmiH gaHUMU MDK JIOTIYHUMH O0'€KTaMU OJHOTO 1 TOTO K PIBHS PI3HHUX
cUCTEM (TOPU30HTAIbHA B3a€MOJIS) 3A1MCHIOETBCS Y BUIIISAL MPOTOKOJIBHUX OJIOKIB
nanux (I[1BJ[), a Mk JoriYyHUMU O0O0'€KTaMH CYMIXHUX PiBHIB (BepTHUKaJIbHA
B3aemoJlisi) — y Burisal cepBicHux OnokiB gaHux (CBJ). Omun CBJ] moxe
nepeaBaTUCs MK JIOTIYHUMHU OO'€KTaMH Yy BHIVISIAI OJHOTO a00 JIEKUIBKOX
inTepdericaux 6moki nanux (IBl). B upomy Bunanky Ib/] cknagaerscs 3 [IKI 1 CB/]
ab0 MOro 4YaCTHHH.

[aTepdeiicu MK pIBHSIMU NPENCTABISIOTHCS Y BUTIIANI TOCIYT, SIKI OJHMH
piBEHb HaJla€ THIIOMY. 3aTy4E€HHS TIOCTYT HUKHBOTO CYMI>KHOTO PIBHS 3J1HCHIOETHCS
3a JIONOMOTOI0 CYKOOBUX MPUMITHBIB, SKUMU OOMIHIOIOTBCS P1BHI uepe3 iHTepdeiic
MDK HUMU. i TpUMITHBU HOCSATH aOCTPaKTHHM XapakTep (He 3aJeKaTh Bij peani3altii
1 HE BU3HAYAIOTh i) 1 CAYTYIOTh JJIS OMUCY B3a€MOJIIA MK KOPUCTYBA4eM IMOCIYTH 1
MOCTaYaIbHUKOM.

B paMkax Mozeni BU3HaY€HO YOTHUPU TUITH CITYKOOBUX MPUMITUBIB:

"3anuT" — BUAAE€THCS KOPUCTYBAUYEM IMOCITYTH ISl 3aITyCKYy AKOI-HEOYb
IPOLEAYPH.

— "lmgukamis" — BUAAETHCS MOCTAYAIBHUKOM TOCTYTH JJISI BKa3yBaHHS
PO 3aIyCK MPOLETypH.

— "Bianosiap" — BUJAETHCA KOPUCTYBAYEM MOCIYTH ISl BKA3yBaHHS MPO

3aBEPILICHHS MMPOLEAYPH, IO 3aIUTYBAIACS.
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"[linTBepkeHHs)" — BUIAETHCS MOCTAYATBHUKOM TIOCITYTH IS
MOBITOMJICHHS TTPO 3aBEPIIICHHS MPOIEAYPH, 1110 3aIMUTYyBaJIaCh.
Hanexxutp BiA3HAUUTH, III0 HE BCl MOCIYTH MOTPEOYIOTh BUKOPUCTAHHS BCIX

JOTUPHOX THUIIIB IPUMITHBIB.

4.2. Cnioco0u opranizauii 00MiHYy JaHUMH

IcHye nBa 6a30BHX MiIXOAW 10 OpraHizailii OOMiHYy JaHUMH MK KIHIEBUMHU
CHCTEMaMHU:
— OOMIH JaHWMH 3 BCTAHOBJICHHSM JIOTTYHOTO 3'€ THAHHS,
— 0oOMIH JaHUMHU 0€3 BCTAHOBJIEHHS JIOTIYHOTO 3'€JHAHHS.

OpiGHTOBaHa Ha 3'€IIHaHHH MOJICIIb Ma€ BUT'JIA, HpGI[CTaBJIeHI/Iﬁ Ha pHuc. 4.2.

A
3anut IHAMKauiA
NigTBEpPAXKEHHA Bianosigb
MocTaBHUK cepBicy MocTaBHUK cepB.icy
ana A ana B

Pucynok 4.2 - Monenb B3aeMo/I1i 3 BCTAaHOBJICHHSM 3'€ THAHHS

[Tpu uboMy crioco6i 0OMiIHY JaHUMU BCTAHOBJIIOETHCS JIOTTYHE 3'€JHAHHS M1XK
KIHIIEBUMH CHCTEMaMHM, TIepea Oe3MocepeHbOI0 Iepeaadcio JaHuX. 3amiuT, IIo
BUJIAE€THCS BY3JIOM A, IPOXOJUTH Yepe3 MOCTadaIbHUKA CEPBiCYy (MPUKIIAIOM SKOTO
MOKE CIIyT'YBaTH JIOKajJbHA Mepeka) 1 MpuiMaeTbes y By3il B sk iHaukamis. ko
By30J1 B rotoBwuii 10 npuiiomy, BUJAETHCS MIATBEPXKEHHS BCTAHOBIIEHHS JIOTTYHOTO
s'eqHanHsa. [lo 1bOMy JOTiYHOMY 3'€THaHHI BEJCThCA TMepeaadya gaHux. llo
3aBEpIIICHHI Mepeaadil BIAMPABISIE€TbCS M ATBEPKEHHS TPUHOMY JaHUX.

Hiarpama 0OMiHYy MakeTaMu Ma€ HACTYMHUM BUTIISAT (puc. 4.3).
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[lepenaya B pesxuMi BCTAHOBJIEHHS JIOTTYHOTO 3'€HAHHS MOTPEOYE 3roAu MiX

TpbOMa CTOpOoHaMH (By3iaMu A 1 B 1 mocTayaqbHUKOM CEpBiCY).

MaKkeT 3anuUTy "BUKANK"

v

MakeT niaTBEepAKEHHA BUKANKY

A

MakeT gaHux Ne 1

v

Maket gaHux Ne n

[
|

MNakeT niagTBEpAXKEHHA Nepeaayi gaHnX

A

Pucynox 4.3 - Jliarpama oOMiHy akeTamu

He Bci MepexHl 10AaTKM BUKOHYIOTH (DYHKIIO MIATPUMAHHS IIJTICHOCTI
NOTOKY JaHUX, SIKy 3a0e3leuye OpleHTOBaHAa Ha BCTAHOBJIEHHS 3'€THAHHS MOJIETb.
Kpim Toro, /111 BUCOKOMIBUJIKICHUX JTOAATKIB MOXKYTh CTaTH KPUTUUHUMU JIOJAATKOBI
HaKJIaJHI BUTpaTH, MOB'S3aHI 3 BCTAHOBJICHHSAM 3'€IHAHHSA 1 MIATBEPIHKCHHIMHU
JIOCTaBKM JAaHuX. Jlmsg Takux J0AaTKIB BUKOPHUCTOBYIOTH OOMIH JaHuUMH 0e€3

BCTAHOBJICHHS 3'€THAHHSA, a00 JeHTarpaMHUI PEKUM.

JeiitarpaMHuii (1aTarpaMHuUii) pexuM

[Ipu BUKOpPUCTaHHS TAaKOTO METOJNY TMepeaadyl JaHuX KOXHHUM IaKeT
PO3IIIAIAEThCA SIK HE3aJICKHUN 1HPOpMaLIHUI 00'€KT 1 Mae agpecHy 1HPpOpMalliio,
HEOOX1IHY N1 MOro JOCTaBKHU aJpecaTy Ta BUBUIBHIOE CUCTEMY BiJ MOMEPEIHHOTO
0OMiHY CITy»K00BOIO 1H(HOPMAIIIEIO MIXK TIEPEIAI0UYUM Ta TPUIUMAIOUYNM BY3JIAMHU.

VY nanomy BUMAAKy MPUCYTHS 3roja MK JABOMa cTopoHamu: A 1 B, abo A i
MOoCTavaibHUKOM cepBicy (puc. 4.4). ¥V BapianTax a) i 0) mocTadyaqbHUK CEPBICY 3HAE
po 3'€THAHHS; y BapiaHTi B) y MOCTavajIbHUKA BiJICYTHS 1H(GOpMAIIis PO 3'€THAHHS
MK A 1 B. Sk Tutbkm 3nidicHunack nepepada iHgopmamii Mix A 1 B Ta

NOCTaYaJIbHUKOM CEpBiCY, B MOAaJblIOMy Oynae BIACYTHA mepenada Oyb-sKoi
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ciry>k00B0i 1H(QOpMaIIil MK MOCTAYaIbHUKOM CEPBICY Ta MPUKIATHUMH PIBHAMH Ha

KIHIIEBUX CHCTEMaxX BIJIHOCHO JIOJI1 YX MiCIIE3HAXO[KEHHS BiJIITPaBICHUX JTaHUX.

y A
3anut flogropetita IHAMKauia
 J
a)
A A
3anut IHgMKauis
e —
6)
A
3anut IHgMKauis
B)

Pucynox 4.4 - Mojenb B3aeMo/Iii y IedTarpaMHOMY PEKUMI

B nmanomMy BuMasKy nmocTadaJibHUK CEPBICY € TACHBHUM 3aCO00M Iepeadi Mix
By3namu A 1 B. ToOTo, B 1aHOMY METOJ1 BiACYTHI Oylb-sIKI MiATBEPIKEHHS PO
JIOCTaBKY JTaHUX U 3aCO0M 0OPOOKH MOMKJIMBUX MTOMUIIKOBUX CUTYaIIil.

Buxopasuu 3 1BOX pO3TIISIHYTUX PEKUMIB OOMIHY TaHHX, PO3PI3HAIOTH MEPEKI,
o 3a0e3MeuyloTh cepBiC 0€3 BCTAHOBJICHHS JIOTIYHOTO 3'eqHaHHsA (Tvm 1) 1 31

BCTAHOBJICHHSIM JIOTTYHOTO 3'€THaHHS (THI 2).
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4.3. MeToam I0CTYIy i yNpaBJIiHHA KaHAJIOM Nepeaadi TaHuX

JlaHi MeTOM BU3HAYAIOTH JIOCTYI BY3JIB JO 3arajbHOTO KaHajy mepeaadi i

KEepyBaHHs TOTOKOM KaJpiB B KaHajl 1 peami3yloTbCsl Yy BHUIUIAI MPOTOKOJIB

KaHaJbHOTO PIBHS (amapaTHa peami3ailii B MEPEeKHUX aJanTepax 1 MepexHHX

IPUCTPOsSX KaHainpHOTO piBH#A) [O: 1; [: 7, 8].

3a IMOBIPHICHOIO 03HAKOIO (IMOBIPHICTh JOCTABKU JIJAHWX ) METOIU TIISATHCS HA

JABa KJIaCH:

OnHa

JAeTepMiHOBaHi MeTOaM — JOCTYyN JI0 3arajlbHOro KaHally Iepenadi
JAHUX PO3MOAUIAETECA MK YCIMa MIJKIIOUEHUMH 10 KaHAIY BY3JIaMH
3a JOTOMOTOI0 CHEIlialbHUX MeXaHi3MiB. JlaHl MeXaHI3MHU TapaHTYIOTh
nepegavy JaHuX BiJl KOKHOTO By3Jla Ha IMPOTS31 BU3HAYEHOTO YacOBOIO
IHTEpBaly, SKIi MOXXe OyTH 3aBYaCHO MiJApaxoBaHUil (NMPUKIAIOM €
METO/IY OIUTY Ta MapKepHI METOIN);

HeJeTepMiHOBaHI (cToxacTu4Hi 200 iIMOBipHicHI) MeTOaM — BC1 BY3JIU
KOHKYPYIOTh 32 JOCTYI JI0 3arajlbHOTO KaHaly rnepenavi. Y BHIAJKY
HEMOJKJIMBOCTI 3aXOIUIEHHS KaHaly BY3JM TEHEPYIOTh BHIIJIKOBI
IHTEpBaJIM OYIKYBaHHS, MICJISI 4YOTO POOJISATH YEProBy CHpOOy 3aXOMUTH
KaHall. B pe3ynbpTaTi HEMOXKIIMBO Hamepe] BU3HAYMTHU 4ac, Ha MPOTS3l
SKOTO BY30JI 3MOKE 31MCHUTH Tiepenady. IcHye HeHyb0Ba HMOBIPHICTD
TOTO, IIO0 BY30J B3araji HE 3MOXXE MPOBECTH Mepeaavy JaHuX.
[IpuknagoM BHUCTyHae METOJ MHOKHHHOIO JIOCTYIy 3 KOHTPOJIEM
Hecydoi 1 BugBieHHsM komizii (MIKH/BK) a6o nporokon Ethernet.

3 MOXJMBHMX Kjacu(ikamiii METOMIB JOCTyNy Ma€ BUIJIAI,

MpeIcTaBICHUM Ha puc. 4.5.

OnnuM 3 HaAWOUIBII PO3MOBCIOKEHUX IMIJXOAIB JO KEpPyBaHHS KaHAJIOM

nepeaadi €

METOJ| TEPBUHHUN/BTOpHMHHUN a00 TojoBHUN/mimIernuid. B meromax

BOTO KJIACy OJWH 3 BY3JIB € TOJIOBHUM, BIH KEpPYy€ IOCTYNOM IHIIMX BY3JIB J0

KaHaJly Tiepeiayl 1 BU3Haua€e, KOJM BTOPUHHI BY3JM MOXYTh BUKOHYBAaTH INepenavy
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JaHUX B 3araJbHUi KaHai. CucTeMu THUMY NEPBUHHUNA/BTOPUHHUNA MOXYTh OyTH

peai3oBaHi Ha OCHOB1 HACTYITHUX METO/IIB.

MeToam 06MiHy AaHUMK

MepBUHHWNIA/BTOPUHHNIA ri6pmuaHui PiBHOpaHrosui
3 onu- ] bes onuty- [ Kos3atoui bes 3 npioputeTom
TYBaHHAM BaHHA BiKHa npioputeTty
3ynuHKa i B RTS/CTS 3 yacoBunMm
OYiKyBaHHA HDLC KBaHTYBaHHAM
KoB3atoui ] TDMA KOHTpoAnb Hecy4yoi
BiKHa 6e3 Konizin
LAP LAPB LLC
MNepepaya mapkepy
3 npuopiTeTom
TDM BcTaska KOHTponb Hecy4oi 3 MNepepaya
pericTpy Konisiamm MapKepy

PucyHnok 4.5 - Knacudikariiss METO/1B 1OCTYIy 10 KaHATy nepenayi

4.3.1. Cucrema onurty/Budopy

CrpoliieHa CTpyKTypa Takoi CHCTEMHU Ma€ HaCTYMHUM BUTIISAT (puc. 4.6).

Cucremu onuty/BuOOpY OyayroThCsl HA OCHOBI IBOX KoMaH[ "omut" 1 "BuOIip".
[Ipu3HaueHHs KOMaHIW "ONUT''TOJNATAE B Mepenayl JaHuX 3 BTOPUHHOTO BY3Ja Ha
nepBuHHUHN By30J1. [Ipu3HauenHs komauau "Bubip" — nepenavya JaHUX 3 IEPBUHHOTO
BY3J1a HA BTOPUHHUU BY301L.

PosrasiemMo, sk 11€ poOUTHCS 32 JOTIOMOTO0 MPOIEAypH onuTy (puc. 4.6 a).

[lepBuHHMIT By30J71 HaJCHUJIAE 3aMUT, 1, SIKIIO0 Y BTOPUHHOMY BY3JIi € JaHl AJs
nepeaayi, BOHU MEpPEeAaroTbCsd B MEpBUHHUN By3o0i. IlepBUHHMIT By305 3A1HCHIOE
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KOHTPOJIb TOMHJIOK Tiepeaadl 1 HajcuiaeThesl no3utuBHe miaTBepmxkenHs (ACK) y

BUITAJIKy BIJICYTHOCTI TOMHIJIOK, a0o HeratuBHe miarBepkeHHs (NAK) mpum ix

HAsSIBHOCTI.
Ilepsunnuii 8y3on Bmopunnuu ey3on
Onur Bubip
Hani [TinTBepIKEHHS
“Tligreepmxenns nannx ACK ~ Jlani

[
»

Kineup nepenaui EOT [TinTBepaKEeHHS JaHUX ACT(

<
<

A

Kineup nepenaui EOT

a) Ilocnioosnicms onumy 0) Ilocnioosnicmo 6u60py'
Bubip R Onut .
Heratusua Biamosigs NAK Heratusna BianmoBigs NAK
: Onur - :
Tl ]
[TintBepmxenns ganux ACK
" EOT ”
8) howzidoeuicmb onumy/eubopy 2) Hecamuena peaxyia na onum

Pucynok 4.6 - CTpyKkTypa CUCTEMU ONUTY/BUOOPY

Ili nBa Bumagku (mepedada MaHUX 1 MIATBEPHKCHHS) MOXYTh TPAIUISITHCS
JIeK1IbKa pa3iB, TOKA Y BTOPUHHOTO BY3Jla HE 3aKiHYaThCsA JaHi Jyis nepenadi. B
[bOMY BHMAJKy BTOPMHHUN BY30J HAJACWJIA€ TOBIJOMIICHHS TMPO 3aKIHUCHHS
nepemadi (Moxke Oytu cremianbHuii kon kiHig mnepegadi (EOT) abo nmeskuit
CIIy’k00BHI1 OIT B KEPYIOUOMY IOJ1 OCTAHHBOT'O KaJIpy).

[Ipouienypa BuOOpPY mosiICHIOEThCSE Ha puc. 4.6 6. Bubip o3Hauae, 1o HasBHI

naHi Jis BropuHHOTO By3ia. Ilinreepmkends ACK y BiamoBiap Ha BUOIp O3Hayae
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TOTOBHICTh BTOPUHHOTO BYy3Ja 10 MpuiiMy naHuXx. [lepBuHHUI By301 mepenae naHi
HAa BTOPUHHUN BYy30J, J€ BHUKOHYETHCS KOHTPOJb TOMHJIOK 1 BHAAETHCA
niaTBepkeHHsT npuiiomy. [lo 3akiHUeHHI mepenayl MEPBUHHUNA BY30J HaJICHIIAE
kepyroue nosigomiueras EOT.

Ha puc. 4.6 B mpeacrtaBieHa MOCIIOBHICT onuTy/Bubopy. Ha komanmy
BUOOpPY BTOPUMHHUU By30J1 BHJae HeratuBHe miarBeppkeHHs NAK. Ile moxe Oytu
MOB'SI3aHO 3 THM, IO BY30J 3aiiHATHI BHUKOHAHHSAM IHIIMX 3ajad, Micie B Oydepi
3aifHATe CBOIMM JaHUMH, MIATOTOBICHUMHM Ui miepeaadi. [yt oOpoOkM BKaszaHOi
CUTYyallll MEpBUHHHUA BY30J HAJACHJIA€ KOMaHAay "omut", moO0 BTOPHUHHHUI BY30J
NepeIaB J1aHl 1 3BUIbHUB Miclle B Oydepl Ajid NpuiomMy JTaHUX.

[TocninoBHicTh Ha puc. 4.6 T MOKa3ye, IO BIIOYBAETHCS B MEPEXki, KOJIU
BUKOHY€ETHCS OTIUT BTOPUHHOTO BY3JIa, y SIKOTO HEMa JIaHUX JJIs Tepeadi.

OCHOBHMM HEAOJIKOM CHUCTEMH ONUTY/BUOOpPY € HAasBHICTb HEOIHOPA30BUX
HEraTUBHUX BIAMOBIIHUX pEakiid Ha KOMaHAy "omut", 10 BiIOOpakaeTbcs Ha
e(PEeKTUBHOCTI BUKOPUCTaHHS KaHaly mnepenayl. Jligs 3MEHUIIEHHA JOJATKOBUX
BUTPAT, TOB'I3aHMX 3 OMHUTOM MOXYTh BUKOPHUCTOBYBATHChH JMHAMIYHI TaOJIHIIL
OnUTY/BHOOPY 3 MPIOPUTETHUMH CXeMaMH. SIKIIO Ha JAEKIJIbKa OMMTIB BY30J BHJIA€
HEeraTHBHE M1ATBEP/PKEHHS MOTO MPIOPUTET B TAOIUII OMUTIB 3HIKYETHCS, 1 BiH Oyie
OMUTYBATUCH 3 MEHIIIOIO IHTEHCUBHICTIO.

Cucrema onuTy/BHOOpY, IO BHUKOPHUCTOBYETHCS [IJIsl KEpyBaHHS Iepenayeto
JAHUX MK MHOXHMHOIO BY3J1IB Ha 3arajilbHOMY KaHalll, Ma€ HACTYITHUN BUTJIS (PHUC.
4.7).

Hexaii By301 B xoue nepenatu nani y By3oa A. st niporo HeoOX1aHO, 11100
nepBUHHUN By301 onutaB By3on B (momis 1). Ilicns mporo By3onm B Bukonye
nepeaady JaHux y NepBUHHUN By3on (2). [lepBUHHUI By3071 BUKOHYE KOHTPOJIb
MOMIWIOK Tiepenadl 1 Bumae miarBepkeHHs mganux (3). [lo 3akiHueHHIO TIepemadi
By301 B Bumae xox kinig nepemadi (4).

[Ticns poro MepBUHHMI By30J1 reHepye BUOip By3na A (5). Skmo A rotoBuit
70 TPUHAOMY, BIH BHUJIA€ MiATBEPHKCHHS BUOOPY (6), 1 IEPBUHHUN BY30J] BUKOHYE

nepenauy gaHux y By3zon A (7). Hani, mo nepenatorbest B nogii (7), ABISIOTHCA
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TOYHOIO KOMI€I JaHuX, nepenaHux B moxii (2). By3om A BHKOHye KOHTPOJb
NOMMJIOK TIepeiayi 1 BUIA€ MIATBEP/HKCHHS AaHUX (8), 3aBEpIIyIOYM KBHUTYBaHHS

IMPOXO’KCHHA JaHUX.

IHWI KaHanm
MepBUHHUI nepeaayi

BY30/

KaHan nepepgavi

BTOpUHHMI BTopuHHMI BTopuHHMI
By301 A By301 B By3on N

OonutB

A

[aHi

v

NiaTBepArKeHHsA faHUX

A

EOT

v

Bubip A

MNiaTeepaskeHHA BUbopy A

v

MNiaTBepArKeHHA daHuX

A

MNiaTBepArKeHHA AaHuX

v

A

EOT

A

Pucynok 4.7 - CTpykTypa CUCTEMHU ONUTY/BUOOPY 3 3arajibHUM KaHAJIOM

nepeaadi

KButyBanHus — mepemaua cimyk00B0i iH(MOpMaIlii (KBUTAHIlIH) PO TOTOBHICTh
BY3JIiB JIO MPUAOMY 1 MATBEPKEHHSI OTPUMAHHS JIAHUX.

Jlanuii nmpukiaa UTIOCTPY€E 1€papXIvHICTh CTPYKTYPH MEPBUHHUN/BTOPUHHUM:
BCl JlaHl, IO TEPENAIOThCs MIXK By3JaMH, 3aBXKIH MPOXOIATh 4Yepe3 MEPBUHHUN

BY30J1. 3 I11€10 BJIACTUBICTIO MOB's13aHa MpobJieMa HaJIHHOCTI TAKUX CUCTEM, TOMY IO
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BiIMOBA TIEPBUHHOTO BYy3Ja MPU3BOIUTH A0 BIAMOBU (DYHKIIIOHYBAHHS BCI€I CUCTEMHU

(HeoOX1HO TIepe10aunuTH pe3epBYBaHHS IEPBUHHOTO BY3J1a).

4.3.2. OnuT/BUOIp 3 3yNMHKOI0 TA 04iKYBAHHAM

€ oaHI€I0 3 MPOCTIIIUX PI3HOBUAHOCTEW METOJIB ONUTY/BUOOpY. B Takux
CUCTEeMax BYy30J TIepefae JaHi 1 4Yekae BigmoBimi. Mertonq mpamoe B
HAIIBAYIUIEKCHOMY pEXHMI 1 IIHPOKO BUKOPUCTOBYETHCS 3aBASKA TMPOCTOTI
peaizaliii 1 HU3bKiil BApTOCTI.

OCHOBHMII HENONIK — BIJICYTHICTh OYyIb-SIKUX 3ac00iB, J103BOJISIFOUUX
KOHTPOJIIOBAaTH TOCIIAOBHICTh KaJpiB, IO MEpenarThcs. B pe3ynapTaTi AOCTaTHBO
CKJIAQAHO OOpOOJSTH MNOMMIIKOBI CHUTYyalli, MOB'S3aHI 3 3HUKHEHHSAM KaJapiB abo
NOMMJIKaMHU NIepeiavi.

[lomanpmM pPO3BHHEHHSM IBOTO METONY, B SIKOMY YCYBA€ThCSl BKa3aHUU
HEJOJIIK, € METOJ 3YNUHKH 1 OYIKyBaHHs 3 HyMmepaliero. B mpomy meronmi amns
MIATPUMYBaHHS KBUTYBAHHS 1 KEpyBaHHS IIOTOKOM Tiepeiadl BHKOPHUCTOBYIOTH
MOPSAKOB1 HOMEPa KapiB.

B nanoMy MeTonl By301-BIANPABHUK MIIATPUMYE HyMEpaIilO0 BiANpPaBICHUX
KaJIpiB, BCTABJISIIOYM TOPSIKOBI HOMEpa B TOJIe KepyBaHHS KajnpiB. By3om-mpuitmay
BUKOHY€ KOHTPOJIb MOMUJIOK Mepeadl oTpuMaHoro kaapy (moxis 1, puc. 4.8) 1 Bugae
NiATBEP/HKEHHS IPUHOMY JAaHUX, BCTABIISAIOUM B HOr0 3ar0JIOBOK HOMEP OTPUMAHOIO
kanapy (2). Ilo oTpuMaHHI MO3UTUBHOTO MIATBEPKEHHS 3 HOMEPOM IMONEPEIHHOTO
BIIMPABJICHOTO KaJIpy BY30J-BiJINPAaBHUK BUKOHYE Tepeaady HacTymHoro kajapy (3).
VY Bumagky BTpaTH Kajpy AaHUX a00 MiATBEPIKEHHS MPO JOCTaBKY (HANPUKIAJ,
3aryOJieHui Kajap MiaATBepKeHHs (4)), By30J-BIANPABHUK 4YeKae Jeskuil yac (Oepe
TaK 3BaHMI TaiiM-ayT) 1 BHKOHYE€ TOBTOpHY Mepenady Kaapy, Ha siKi He Oyso
orpuMano miaTBepkeHHs (5). Jani, sxi nmepenani y noxii (5), € KOmew NaHUX Y
noaii (3). Tak sik By3oJs-ipuiiMay yCHIIIHO MPUMHSB 1€l KaJp paHille, BiH BIIKUHE

OTpUMaHUi TyOJiKaT 1 BUIACTh MMOBTOPHE IMiITBEPHKEHHS TIPO IPUIOM KaIpy.
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[aHi Ne 0

A

NigTeeparkeHHs Ne 0

v

v

JaHi Ne 1

A

MNiaTsepaxeHHa Ne 1

[aHi Ne 2

A

NigTBeparkeHHa Ne 2

v

Pucynok 4.8 - [Ipouenypa oOMiHy MOBITOMICHHSIMHU

4.3.3. be3nepepBHU ABTOMATUYHHUH 3ANIMT HA IOBTOPEeHHA (0e3nepepBHMI

ARQ a06o '""koB3arui BikHa'"')

€ ogHMM 3  HaWOUIBII  PO3MOBCIOUKEHMM  METOAOM 3 [PYINH
NEPBUHHUI/BTOPUHHUM, SKUHA LIMPOKO BUKOPUCTOBYETHCA SK B MPOTOKOJAX
KaHAJIBHOTO PiBHA, TaK 1 B TPAHCIIOPTHUX MPOTOKOJaX (Harpukiaj, B mpotokon TCP
31 cteky TCP/IP). Meton miaTpuMye AymjaeKCHU OOMIH JaHUMHU MK By3JamH 1
0a3yeThbCs Ha MOHATTAX MPUITMAIOYOTO 1 IEPEIat0uoro BiKOH.

BikHO BCTaHOBIIIOETHCS HAa KOKHOMY KIHI[ KaHAITy 3B'SI3KY 1 BUKOPUCTOBYETHCS
JJIs. pe3epBYBaHHS BU3HAUYCHHUX PECYPCIB By3Ja JJIsl Tiepefadi JaHuX. 3a3BUYaidl i
BIKHOM PO3YMIIOTh JIedKui OydepHHUil mpocTip 1 mpaBuiao HyMmepalli kajapiB. BikHa
BCTAHOBJIIOIOTBCS MiJI Yac iHIIiaii3amii ceaHcy 3B'SI3Ky MiX JBoMa By3inamu. [lpu
IbOMY JJISi KOKHOI Mapy JOJATKIB, 110 OOMIHIOIOTHCS JaHUMU Ha PI3HMX BYy3jax,
noTpeOy€eThCs BIAKPUTTS CBOEI Mapy BiKOH. B mepenatouomy 1 mpuitMarouomy BiKHaX
BEJICThCS HyMepallisi KaJpiB 3a JIONOMOIOK 3MIHHMX CTaHy, $IKl MPEICTABISIOTH
co0010 CTaH JYNJIbHUKA.

[lepenatoumii By30J1 MiATPUMYE 3MIHHY BIAIIPaBICHHS, a MPUAMAIOUYHI BY30J1 -
3MIHHY NpuioMy. 3MIHHA BIANPABICHHS BU3HAUYA€ MOPSAIKOBUI HOMEp Kajapy, sIKUA
NOBUHEH OyTW mepefaHuil. 3MiHHA MpUIIOMY BH3HAYa€e TMOPSAKOBUM HOMeEp

HACTYIMHOT'O0 OYIKYBaHOTO KaJipy. 3MIHHA BIJIIPaBICHHS 301IbIIYETHCS HA OJUHUIIIO
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Opu mepenadi KOXKHOTO Kaapy 1 PO3MIIIYETbCS B TOJII MOPAIKOBOTO HOMEDPY
BiAmpaBiieHHs Kajapy. OTpUMaBIIM Kajap, IpUWMalouuil By30J1 MPOBOJUTH KOHTPOJIb
NOMWIOK Tepefadl 1 TMOPIBHIOE TMOPSAKOBUNA HOMEp KaJpy 31 CBOIM 3HAYEHHSIM
3MIHHOI TmpuiloMy. SKimo kagp Moxke OyTH MNpUNHATHI, NpuUAMalOYuil By30I
30UIBIIyEe HA OJWHHINIO 3MIHHY MPUHOMY 1 PO3MIIIyE II€ 3HAYCHHS B IIOJI
MOPSAKOBOIO HOMEpY mpuitomy mno3uTuBHoro miareepmkeHHs (ACK) 1 Biampabiisie
JaHe  MIATBEPKEHHS  BY3Ny-BIANPAaBHUKY, 3aBEpIIYIOYM KBUTYBaHHS  IPO
MPOXO/PKEHHA JaHOoro Kajapy. I[lo3uTuBHI MiATBEp/DKEHHS WAYTh JACKUIbKOMA
KaJpaMH OJIMH 32 OJHUM.

Sxmo By3on-puiiMay  3HAMIIOB MNOMWIKY Tmepenadl (1m0 KOHTPOIbHIN
MOCJIIJIOBHOCTI Kajpy) abo MOpSIAKOBUN HOMEp KaJpy HE BIJANOBiJIa€ 3HAYEHHIO
3MIHHOI TPUKMY, TO MICIs AESIKOTO TaliM-ayTy Yy BY30JI-BIANPAaBHHUK HAJICHUIIAE€THCS
HeratuBHe TiATBepKeHHS (NAK) 3 mOTOYHUM 3HAauY€HHSM 3MIHHOI NPUKAOMY.
OTpumaBIIM TaKky KBHUTAHIIO TIepeaBay BIJHOBIIOE CTape 3HAYEHHS 3MIHHOI

BIJIIIPABJIEHHS 1 BUKOHYE MOBTOPHY Nepeaavy KaJapy 3 TAKUM MOPSIKOBUM HOMEPOM.

Hanpamok pyxy BiHKa

< PoaMip BikKHa — =
- AL A A v
~ ~ ~ v
Kaapw BianpasneHi Kaapn sianpasneHi Kaapn moxyTb Gyt
i i KB = : : i O OTPMMAaHHSA
I OTPKMaHI KBITaHun ane KBiTaHUil e He BianpaeneHi y Eepro';lo'l' KEiTARLT
oTpVMaHi BiaKpuUTe BIKHO

Kaagpy HE MOXYTb
oyt BiaAnpaBneHi

Hanpamok pyxy Kagpie

Pucynox 4.9 - Po3nonin kajapiB y BikHI

Sxmo po3mip BikHa JopiBHIOE W-KaapiB, a OCTaHHA MO Yacy MpUHOMY
KBUTAHIliS Mae 3Ha4eHHs N, TO BIAMPaBHUK MOXE HAJCUJIATH KaJpu Yy BIIKPUTE

BIKHO /IO TUX Tip, NOKK HOMeEp Kaapy He Oyne piBauM N+W. Kanp 3 Takum HomMepoM
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BUXOJUTH 3@ MEX1 BIKHA 1 BIANPAaBHUK MMOBUHEH 3yNUHUTHU Mepeaady 10 OTPUMaHHS
HACTYIHOI KBUTAHIII (puc. 4.9).

Posmip BikHa 1 dYac TaiiM-ayTy € BaXJIMBUMHU [apamMeTpamH, IO
XapaKkTepu3yloTh e(PEeKTUBHICTE poOOoTH MeToay. Tak, B MPOTOKOJAX JIOKaJTbHUX
MEpEX, JIe pIBEHb MOMWIOK JOCTaTHbO HU3bKUM, a BY3JIM MAalOTh IOCTATHHO BEIUKUN
o0'eM pecypciB, po3Mip BIKHA 3a3BHYail CKiIagaeTbesa 3 127 kaapiB, TOOTO A
HyMepallii BUKOPUCTOBY€ETbCS 8 O1T. 127-i1 HOMEp - HOMEp HACTYMHOTO OYiKyBaHOTO
kanapy. [lpu BHKOpHUCTaHHI METOAY B MPOTOKOJIAX KAHAIBHOTO PIBHS TIJI00aIbHUX
MepeX po3Mip BiKHA 3BUUAMHO CcKiIaaae 7 KaapiB (11 HyMepallii 3aiy4eHo 3 0iTu).

Jlis 3MEHIIeHHs] HAKJIaJHUX BHUTpAT, MOB'SI3aHUX 3 Tepefadeio TMO3UTHBHHUX
KBUTAHLINW, MoOke OyTHM BHUKOpPUCTaHE TaK 3BaHE BKIIOYAIOU€ MIATBEPHKECHHS
npuitomy. Tak, Hanpukiaa, ACK 3 HomepoM 5 03Hayae MIATBEPIKEHHS MPUHAOMY
YOTHUPHOX MOMEPEIHIX KAJIPIB 1 OUIKYBaHHS KaJIpy 3 HOMEPOM 3.

MeTon KOB3arOUMX BIKOH LIMPOKO BUKOPHCTOBYETHCS B IMPOTOKOJIAX
I00ANbHUX MEpPEX. BaxianBow OCOOJMBICTIO TAKUX MEPEX € 3HAXOHKEHHS 1
BUIIPABIICHHS TTOMWIOK nepenadi. J{is BupimeHHs 1iei 3aja4i BAKOPUCTOBYIOTH J1Ba
metoau (puc. 4.10):

— BuOiIpkoBe moBTOpeHHs (Selective Repeat) — BUKOHYeThCS TOBTOpHA
nepeaaya TiJIbKUA TOTO Kajpy, B SIKOMY OyJia 3HaiiJieHa TOMUJIKA,;

— mnoBepHeHHs Ha N (Go — Back - N) — BUKOHY€EThCSI TIOBTOpHA Nepeaada
HE TUIbKH OMMJIKOBOT'O KaJpy, aje 1 BCiX KaJpiB, IKi OyJIM BiAMpaBIEHI
HICJIsl HBOTO.

VY Bunaaxky BUOIPKOBOTO MOBTOPY OUIbII €(EKTUBHO BUKOPUCTOBYETHCS KaHaJ
nepeaadi, OJHAK MpHUiiMady MOBUHEH 3aJiTH JOJATKOBI pecypcu aJig 30epiraHHs
OTPUMAHUX TPABUIBLHUX KaJpiB 1 BITHOBJICHHS MPaBUIBLHOI MOCIITOBHOCTI KaJpiB
Hicas OTPUMaHHA MOBTOPHOIO Kaapy IS Mepenayl i€l MoCaiJOBHOCTI MPOTOKOJIaM
BEPXHBOTO PIBHS.

[ToBepHennss Ha N — Oinbmn mpoctuii MeToll. BiH He moTpedye MOCTaHOBKHU

KaJIpy B yepry npuiiMada. Ajne epexkTHBHA MPOMYCKHA 3AaTHICTh KAHAIY Y IL[bOMY
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BUMAAKY Oy/e HIK4a, TaK K MOBTOPHO OYyAyTh MepelaBaTUCh 1 KaJpH, nepeaani 6e3

IIOMMJIOK.
[S1[4113]1[x][1]
A > B
[NAK 2]
2]
A > B
Bubipxonuii ACK3
MOBTOD <
[51{4]1[3]]2] .
IMoBepHenHs A v B
Ha N < ACK6

Pucynok 4.10 - Meroau noBTOpHOI nepeaayl

MeToa KOB3al0UHX BiIKOH BUKOPHUCTOBYETHCSI B HACTYITHUX MTPOTOKOJIAX:
— TinobanpHl obuncioBanbHl Mepexi: nporokoan HDLC, SDLC, LAP,

LAPB, LAPD, LAPF;

— JIOKaJibH1 00YMCIIOBANIbHI Mepexi: mpoTtokon LLC.

4.3.4. Cucremu 0e3 onury

Jlo cucteM 06e3 ONUTY BIAHOCSTH HACTYITHI METOJIH:
— RTS/CTS (3anut nepemadi/no3Bin nepeadi);
— Xon/Xoff;

— TDMA — MHOXUHHHU JOCTYII 3 YaCOBUM PO3I1JICHHSIM.

3anuT nepexayi/no3Bia nepegaui
BigHocuTbed A0 amapaTHUX METOAIB KEPYBAaHHS KaHAJIOM Iepefadi, B sIKOMY
JUIS. TIPU3YNUHEHHS Tepeaadl JaHWX 1 TOCIIIYIoUuoro BIiJHOBJICHHS Tepeaadi
BUKOPUCTOBYETHCSI 3MiHA PIBHS EJIECKTPUYHOTO TMOTEHIANy Ha BU3HAYCHHX JIIHISX
1HTEpdeEcCy.
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MeTon [OCTaTHBO IIUPOKO BUKOPUCTOBYETHCS TMPU KEPyBaHHI MEPEIavyeto
naHuX Ha mnepudepiiiHi MPUCTPOi 1 KaHAJIOYTBOPIOIOYI MPHUCTPOi (HAmMpHUKIIAL,

MOJIEMH) 1 3a3BHUYail BUKOPUCTOBYIOTHCA pa3oM 3 iHTepdericom RS-232.

A RS-232 B

RTS4)
CTS(5)
DATA(2)
Reset CTS(5)

v

A

Pucynok 4.11 - [Iponenypa kepyBanHs Ta nepefadi 1anux B Meroai RTS/CTS

[Ipy HasBHOCTI AaHMX BY301 A BMJA€ 3alUT Ha Iepenady, MiJBUILYIOUU
piBeHb NOTeHIiany 1o 4-i miHii iHTepdeiicy (puc. 4.11). Axmo By30a B rotosuii 10
npuiioMy, BIH BHJIA€ CHUTHAJ JO3BOJIy Iepejadl JaHMX, MIABUIIYIOYH pPIBEHb
noTeHIiany Ha 5-i niHii iHTepdeiicy. [Jani nepenarorses 2-i minii. [Ipu BincyTHOCTI
Micis B Oydepi ayist mpuiiomy aaHuX By30d B ckupae curHan A03BOJy mepeaaui,

MOHIKYIOUU PIBEHb Ha 5-i1 niHii. By3on A mpusynuHsie nepenayy J1aHuX.

Xon/Xoff

BigHocuThes 10 mporpaMHUX METOIB KEPYBAHHS KaHAJIOM Mepeadi, B IKOMY
JUIsL TIPU3YNUHEHHS 1 BIJHOBJIEHHS TMepefadyl BUKOPHCTOBYETHCS BIANPABICHHS
CHeIiaJbHUX CITY>)KOOBHUX CUMBOJIIB 1O 1HPOPMAIIIIHAM JIiHISIM 1HTEpdeiCy.

BuxopucroByeThest pazom 3 inTepdeiicom RS-232 (puc. 4.12).

VY nanomy metoni curnanu Xon/Xoff € cumBonamu ASCII-kony. Xoff — ctrl-S,
Xon — ctrl-Q.

MeTon TakoX BHKOPUCTOBYETHCS [UIsl KEpyBaHHS IOTOKOM JaHUX Ha
nepudepiitHi 1 KaHaJOyTBOPIOOUl MpUCTPoi. [IpuHIMN poboTH aHaIOTIYHUN 10

nonepeaHbOoro METoay.
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A RS-232 B

DATA(2)
Xoff(3)

DATA(2)

v

Pucynok 4.12 - Ilpouenypa kepyBaHHs Ta niepeaadi JaHux B MmeToai Xon/Xoff

4.3.5. MHOXMHHUIT J0CcTYH 3 YacoBuM po3auieHHsM (TDMA)

€ nojajbIIUM pPO3BUHEHHSIM METOAY YacOBOTO MYJbTUILUIEKCYBAaHHS 1
HaNWOUIBII IIUPOKO BUKOPUCTOBYETHCS Y CYMYTHUKOBUX CHCTEMax Irepeadi (Ha3eMHi
CTaHIli, Yepe3 CYMyTHUK-PETPAHCISITOP, BUKOPUCTOBYIOUM OJUH YAaCTOTHUI KaHal,
BUKOHYIOTh IlepeAauy JaHux). B Takux cucremax ojHa 3 Ha3eMHHMX CTaHLIN
MPU3HAYAETHCS B AKOCTI €TAIIOHHOI (200 TOJOBHOI) 1 HAa HEl MOKIAJAI0ThCs (PYHKIIT
1o nmpuiiomMy 1 0OpoOILIl 3aMMTIB IHIIMX CTAaHUIA (BTOPUHHMX) 1 BUAA4l JO3BOJIB Ha
BUKOPHUCTAHHS KaHaJy nepenadyi BTOPUHHUMHU CTaHIISIMU.

[Ipu HasBHOCTI JaHUX JJid Mepeaadi, BTOPUHHI CTAHIIl HAJCWIAIOTh 3alIUTH HA
BUKOPHUCTAHHS 3arajbHOr0 KaHaly mepejnadi. 3amuTH HaJACHUJIAIOThCS SK YacTHHA
MOTOYHUX TIOBIJOMJIGHb B  CHEIlaIbHOMY KEpPyHOUYOMY IO  3BUYANHUX
iH(popmaliiiHux KaapiB. Bel i kagpu npoxXoAsTh Yepe3 CYNyTHHK-PETPAHCIATOP 1
ONUHSIOTHCS Ha eTajoHHIN ctanmii. Lls cradiis o0poOise Hamicadl 3allUTH 1 BUJIA€E
KEepyIOUYui KaJip, B IKOMY BHU3HAUEHO, SIKI CTaHIIIi 1 B sIKii yacoBuid iHTepBal (time-
slot) MOXXyTh BUKOHYBAaTH Tepefady CBOIX JaHUX B 3arajbHUil kKaHaia. OTpuMaBIIu
Kepylounid Kajp, BCl CTaHLIi BUKOHYIOTh YacOBE MIJJIAIITYBaHHS ISl TOTO, LI00
BUKOHATH Tepeaavy y BiABEACHUI iM 4acOBUiA IHTEpBaJ.

B nanomy metosi nerko Moxe OyTH peasii3oBaHa MPIOPUTETHA CXeMa, KOJIU B
SAKOCT1 MPIOPUTETY BUKOPUCTOBYETHCS IHTEHCUBHICThH MEpeaayl Bij CTaHIll ado TUIl

JaHUX, 10 MepearThes (Bi1eo, ToJI0coBUid Tpadik, 3BUYaHUN Tpadik).
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4.3.6. PiBHOpaHTroOBI MeTOAM
B uux Meromax He mnepenOaueHU TEPBUHHUI BY30J, a mnependadyaeThes
OJIHAKOBHH CTaTyC BCIX MPUCTPOIB HA 3arajJbHOMY KaHami. OJHaK BY3JIM MOXYTh HE
MaTd pIBHOMPABHOTO JOCTYIy 1O 3arajbHOr0 KaHAy TIPpH BHUKOPUCTaHHI
MPIOPUTETHUX CXEM.
PiBHOpaHrOBI METOMU OTPUMAIA HAUOLIBIIE PO3MOBCIOIKEHHS Y MPOTOKOJIAX

JIOKaJIbHUX MCPCIK.

4.3.7. MyJbTHILJIEKCHA Nepeaaya 3 4acoBuM posaiieHHsam (TDM)
Jlanuii METOJl € HAMMPOCTIIINM MPUKIATIOM HENPIOPUTETHUX PIBHOPAHTOBUX
CHCTEM 1 SIBJIsi€ COOOI0 3BUYAHE YaCOBE MYJIbTUILIIEKCYBAHHS.
Koxxnomy By3iy mo 4ep3i BUIUIAETHCS YAaCOBUHM I1HTEpBA HE3AJCKHO BIJ
HAsBHOCTI y HbOTO JAHMUX Ui MepeAaul; HiJ yac LbOro 1HTEpBaly BY30J MOXKE

BHKOHYBATH IICpCaady JaHUX B 3arajbHUM KaHal.

4.3.8. BctaBka pericTpy a6o 0ydepy

BukopucToByeThCS B Mepexkax 3 KUIbLEBOK Tomosorieto. s ynpaBiiHHS
MOTOKOM TIepe/adl BUKOPUCTOBYETHCS CICIIAIIBHUM 3CYBHUUM PEriCTp, SKH
MIJIKJTFOYAETHCS JI0 3arajJbHOr0 KaHajly Mmepeaadi.

[TpunaIMn pobOTH MONsITae y HACTYMMTHOMY: KOJIM Yy BY3Jla € JaHi JAJis Tepesadi,
BiH pO3MIIIye€ iX B 3cyBHUM pericTp (puc. 4.13 a).

[Ipn HasBHOCTI 3py4YHOIO0 MOMEHTY PETICTP MiAKIIOYAETHCS 10 3arajibHOro
KUTBIIEBOTO KaHAIly, 1 JIaHl iepeaaroThesl B kaHau (puc. 4.13 6). Perictp 3anumaeTsbes
MIJKITIOYEHUM 10 KaHally, 1 BCl KaJapH, IO TMEPeNaloThCcs MO 3arajJbHOMY KaHamy,
OynyTh mpoxoautu depes perictp (puc. 4.13 B). Konu BuxigHuii kaap 371HCHUTH
MOBHUW OOEpPT MO KUIBIIO 1 TOBHICTIO 3aBAaHTAXKUTHCA B PETICTP, PETICTP
BIJIKJTFOYA€ETHCS B1J] 3arajibHOr0 KaHany (puc. 4.13 r). By3on-yrpumyBau, oTpuMaBIim
KaJip 3 KUIbI, Y BUNAAKY BIJICYTHOCTI MOMUJIOK TEpeaayl MOBUHEH MOMITUTH Kaap
mparnopiieM "mpounTaHuil", Ha OCHOBI YOTO BY30JI-BIIIPABHUK POOUTH BUCHOBOK PO

YCHIIIHICTh NIepeaayi.
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Pucynok 4.13 - Cxema poO0OTH 3CYBHOTO PETICTPY

[cHYIOTB Tak0X BapiaHTH TaHOTO METOJY, 1110 BUKOPUCTOBYIOTh JIBa PETICTPU —

MpUIMAIOYni 1 IepeIatoumid.

4.3.9. Cucrema 3 KOHTPOJIEM HeCy40i i BUSBJICHHAM KOJIi3ii

Jlanuii MeToa TMOKJIAJeHUW B OCHOBY HAMOUIBII IIMPOKO PO3MOBCIOIKEHOTO
IPOTOKOJY JIoKadbHUX Mepex — Ethernet. BukopucToByeThes B Mepexkax 3 LIMHHOIO
1 31ipkonoiI0HOI0 TomoJorieto. Bel By3nu, 1m0 MiAKIIOYEH] JO 3arajJbHOTrO KaHamy, €
PIBHOIIPAaBHUMH, XOYa MOXKJIMBE BHUKOPUCTAHHS MPIOPUTETHUX CXEM HAa OCHOBI
re’epailii pi3HUX YaCOBUX 1HTEPBAJIIB OYIKYBaHHSI.

Ilepen TuM, $K ToYaTW TMepefadyy JaHUX B 3arajlbHUd KaHaj, BY3JH
IPOCITYXOBYIOTh KaHall (IIpoleaypa KOHTPOJIK Hecydoi) AJi TOro, mjo0 BU3HAUYUTH
BUTbHUN YU 3alHATHUNA KaHAJL.

HasaBhaicte  a00  BIACYTHICTb ~ CHUTHaJIy B  KaHall  BH3HAYaEThCS

nmpuiioMoriepeaBayeM MEPEKHOTO aJanTepy M0 HASIBHOCTI €IEKTPUYHOTO
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NOTEHLIaTy B JiHII.

VY Bumajky, SKIO KaHall BUIbHUM, Oy/b-SKHI BY30J1 MOXE BIANPABUTH CBOI
naHi B kaHai. Ilpm 1mpomy iHdopMamiiiHuii curHanm  Big  Bysla  Oyje
PO3MOBCIOKYBATUCH Y BC1 OOKM KaHAITy.

[Ipu peamnizaifii gaHOrO METOJYy B CYYacHUX CHCTEMaX BHKOPHUCTOBYETHCS
nudpoBUi curHai, a TepMmiH "Hecyya" 1ICTOPUYHO BUKOPUCTOBYETHCS MOYMHAIOYM 3
MEPIINX CUCTEM, SIKi OyJIM aHAJIOTOBHMU.

Hexait By30s1 D Bene mepenady gaHuUX y 3arajibHUM KaHall, a By3iu A Ta B
MaroTh AaHl Uil nepenadi. BOoHM KOHTPOIIOIOTh HECY4Y Ta BU3HAUYAIOTh, 10 KaHA
3aiiHATHH (puc. 4.14 a). SIK TIIBKK KaHaJ MEepEXOqUTh Y CTaH CIOKOI0, By31u A Ta B
HaMararoThCsl 3aXOMUTH KaHall, 1100 BUKOHATH nepeaady (puc. 4.14 0).

VY Mepexax 3 KOHTPOJIEM HECYHYOi ICHY€ 3 METOAM 3aXOIUICHHS KaHaIly.

1. "Henanonernuui" KOHTPOJIb — BY3JIM MOXYTh BUKOHATHU IMEpeIadyy AaHUX
oJlpa3y SIK TUIbKH BUSABJSTH, 10 KaHal BUIbHUN. SIKIIO KaHan 3alHSATUN, BY3JHU
TE€HEPYIOTh BHIAJKOBUN YaC OYIKYBaHHS, MICJIS YOro CIOYaTKy KOHTPOJIOIOTH
HeCcyuy, 1100 BU3HAYNTHU BUTbHUN 4M 3aiHATUN KaHau (Taou. 4.1).

2. "P-HanonernuBuii" KOHTPOJb (B AaHOMY MeToAl P 03Hauae WMOBIpHICTD) —
METOJ1 mepeadaydae /il KOXKHOTO By3Jia JESKHM anroputMm ovikyBaHHs. Hampuxman,
ctaHIii A 1 B He mounMHaIOThF MUTTEBY Mepeiady MICIsS TOTO, SIK BUSIBUJIM, 110 KaHAJ
3HAXOJMTHCS Yy CTaHi CIOKOIO, a KOXXHa CTaHIis TeHepye BUIIAJKOBHI Yac
OUIKYBaHHS (3BUYAMHO NEKUIbKAa MIKPOCEKYHH). SKIO MO 3aKiHYEHH1 IBOTO Yacy
CTaHI[isl BUSIBUTH, 110 KaHaJ 3aiiHATUI, BOHA 3aUeKae IeIKUi NepioJl yacy Ta 3p0OUTh
HOBY CIpoOy 3aXONUTH KaHajl. B pe3ynbTari By30J BUKOHA€E Mepeaady y KaHal, 110
3BUTHHUBCS 3 UMOBIpHICTIO P Ta 3 iiMoBipHicTIO 1-P Binkiane mepenady 10 HACTYIMHOI
cripobu (tadm. 4.1).

3. "1-HanonernuBui" KOHTPOJb — BY3JIM BUKOHYIOTh Nepeady BiJpa3y Micis
TOTO, SIK BUSBIIAIOTH, 110 KaHAJ BUIBHUM. Y BUNAAKY, KOJM KaHAT 3alHATHHA, BY3JIU
MOCTITHO KOHTPOJIOIOTh HECydy, 00 BU3HAYUTH MOMEHT 3BUIbHEHHS KaHaly.
Meton Ha3uBaeThcs "1-HamonernuBUM', Tak SK BY3JIM 3 WMOBIPHICTIO PiBHOIO 1

OyIyTh HaMaraTucs BUKOHATH Mepeady y KaHaj, 10 3BUIbHUBCS (Tadi. 4.1).
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Pucynok 4.14 - Cxema poOOTH CUCTEMU 3 KOHTPOJIEM HECYUOI 1 BUSIBJICHHSIM

KOJI31H

Tabnuis 4.1 - [TopiBHSIIBHI XapaKTEPUCTUKN METO/IIB 3aXOIIJICHHS KaHAITy

YMoBa HeHnanonernusuii P-Hanonernusuii | -HanosernuBui
BUIBHUI nepeaaTv HeraHo nepenaT 3 IMoBipHICTIO P, IepeIaTh HeranHo
KaHaj BIJIKJIACTH Mepeayy 3
1iMoBipHicTIO (1-P)
3aMHATUN BUIIAJIKOBUH 4ac nepeaaru 3 iMoBipHicTIO P, Oe3nepepBHO
KaHaJl OYiKYBaHH$ 1 KOHTPOJIb BIJIKJIACTH Iepeaavy 3 KOHTPOJIIOBAaTH HECYUY
HECy4oi iimoBipHicTiO (1-P)
KOJMI3i4 nepeaTi MOBTOPHO nepeiaTi MOBTOPHO Yepe3 nepeiaTé MOBTOPHO
4yepe3 BUINAKOBUN BUIIAIKOBUH MPOMIXKOK Hyacy 4yepe3 BUNAKOBUN
MIPOMIXKOK Hacy OYIKYBaHHS MIPOMIXKOK Hacy
OYIKyBaHHS OYiKYyBaHHS

Meron P-HamonernuBoro KOHTPOJIO MEePECIiaye AB1 i

— 3MEHILIEHHS 4dYacy ImepeOyBaHHS KaHaly Yy CTaHi

3a0e31euyeThes 1 -HamonaerIMBUM METOIOM;
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— 3MEHILIEHHS WMOBIPHOCTI BUHUKHEHHS KOJNI3li B KaHali, IO
3a0€3MeYy€eThCSI METOJOM HEHAIOJETITUBOTO KOHTPOJTIO.

Onnak 3HaueHHS P 3ayexuTh BiJl 0COONMMBOCTEN KOHKPETHOI MEpexki 1 I
e¢(DeKTUBHOTO KEpyBaHHS KaHAJIOM TMepeaadl moTpedye 300py  OaraTbox
CTAaTUCTUYHHUX JaHWUX BIPOJOBX TPUBAJIOTO dacy. ToMy pO3MOBCIOKCHHS B
KOHKPETHUX MPOTOKOJIAX JaHUI METO]l HE OTPHUMAB.

[IponoB:xuMo aHasi3 NPUHIUITY POOOTH CUCTEMH 3 KOHTpoJieM Hecydoi. Hexait
BY30J1 A BUSBHB, 1110 KaHAJI BUTGHHH 1 MOYaB TIepeIady B KaHal J0 TOTO, K y By3ia B
3aKIHYMBCA 1HTEpBal O4ikyBaHHs. [1o 3akiHUE€HHI IILOTO 1HTEPBATY By30J B moBuHeH
BUSIBUTH, 110 KaHall 3alHATUN 1 HE BIANPABISTH CBOI JaHl 10 KaHaly. Aje €
3aTpUMKa PO3MOBCIOPKEHHS EJIEKTPUYHOTO CHUTHANy, II0 MOB's3aHa 3 KIHIEBOIO
IIBUKICTIO TIPOXO/IKEHHS CUTHAITY TI0 KaOelTto, 3aTpUMKaMH B IpUHOMoIIepeaBadax
MEpEXHHUX aJanTepiB 1 MPOMIKHUX MEPEKHHUX NMPUCTPOsSX. B pe3ynbTaTi B KaHall
CTUKAIOTBhCSl JIaH1 BiJ IEKUIBKOX BY3JIB. Taka CUTYyallisi HA3UBA€THCS KOJI3IELO.

Komnizig xapakTepu3yeThCs 4aCOBUM MapaMeTPOM, BiIOMHM ITiJT HA3BOIO "BIKHO
komi3ii". BikHO Komi3ii mpeacTaBisie co00I0 MOABIMHUN Yac MPOXOHKEHHS CUTHATY
MDK JJBOMa HaWO1IbII BIAIAIEGHUMU BY3JIaMH Mepexki (OepeThCs 10 yBaru HauTipimn
BUMAJO0K, KOJM KaJp BiJl OJTHOTO By3Jia CTHUKAETHCS 3 KaJpPOM BIJ IHIIOTO B HOTO
npuiiomMoriepeaBayi 1 31MCOBaHUN KOJI31€I0 CUTHAJI MOBWHEH JINTH 0 TEPIIOTo
By3Ja). Leif yac Takok HA3UBAIOTh YaCOM KaHally, a00 4acoM MOABIMHOTO 00epTy.

Tpeba BiA3HAYWTH, 110 BUHUKHEHHS KOJI31M € HOPMalbHUM JjIsi JTaHOTO
METOIy KepyBaHHS KaHaJIOM. 31 301IbIICHHSIM MPOTSHKHOCTI KaHaly BIKHO KOMI3iH
30UIBIIYETHCS, 30UIBIIYETHCS WMOBIPHICTh BUHHMKHEHHS KOJI31A 1, BIJAMOBIIHO,
3MEHIIYETHCSI €PEKTUBHICTH poOOTH Mepexki. ToMy maHuil METOJ] BUKOPUCTOBYETHCS
TUIBKM B KJacl JIOKaJbHUX MEPEeX, I SKUX XapakTepHI BIJHOCHO HEBEJHUKI
MPOTSKHOCTI KaHaJiB.

By3nu 00po0nsitoTh K030 HACTYNHUM 4YMHOM. KoKeH By30J1, 110 BUKOHYE
nepeaady JaHuX, IapajellbHO TOCTIHHO KOHTPOIIOE Hecydy. IIpw BHHMKHEHHI
KOJI31i B KaHaJll CIIOCTEPIraeThCs aHOMAJIbHUU PIBEHb EJIEKTPUYHOTO CUTHATY, 3

SKOTO Tepearoyl By3JU BUSBIAIOTH KOJI3it0 (Apyra (QyHKIIiS IpoLeypyu KOHTPOIIO
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HECY4oi — BUABIICHHS KOJi31i). BUSBUBIIN KOII3110, BY3/Id MEPEPUBAIOTH MEpeaavy,
TEeHEPYIOTh BUMAJIKOBUNM 4Yac OUIKYBaHHS, IICIAS YOro poOJATH CIpoOy 3HOBY
3aXONMUTH KaHaI. ['eHepallis BUMAJKOBOTO Yacy OYIKYBaHHS € JCSIKOI TapaHTIEI0
TOTO, IO KOMi3is1 3HOBY HE BUHUKHE, XO4Ya B JAHOMY METOJl KEpyBaHHS KaHaJOM
ICHy€ TEOPETHYHA MOJKJIUBICTh MOCTIMHOTO BUHMKHEHHS KOJIi31#, B pe3ybTaTi 40ro

BY3JIM HC 3MOXYTb IICPCAABATU ,ZIaHi.

4.3.10. MapkepHi cucreMu

[lepenaua mapkepa € Ie OAHUM IIHUPOKO PO3MOBCIOPKEHUM METOJIOM, IO
BUKOPHUCTOBYIOTHCSI B PIBHOPAHIOBHUX INPIOPUTETHUX 1 HEMPIOPUTETHUX CHUCTEMAX,
IO peani3yrThCs 3a3BUYail B KJIacl JOKAIbHUX Mepex. MapKepHi CUCTEMU MOXKYTh

OyTH peasizoBaHUMHM Ha 0a31 KUIBIIEBOI Ta ITMHHOI TOIOJIOTIH.

MapkepHe Kijibue

M — mapkep

Pucynox 4.15 - Cxema pob60TH MapKepHOTO KIJbIIs

3a3BuYail BY3NTM MIAKIIOYAIOTECS O 3arajbHOTO KaHaly 3a JOMOMOTOIO
kutbiieBoro iHTepdericaoro nmpuctporo (KIIT) (mepexuuit agantep, 6araronopToBuid
MPUCTPIN MIJIKITFOUESHHS)
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KIIT BigmoBizae 3a KOHTPOJb MAaHUX, IO MPOXOIATH Yepe3 HhOTO, 1 BUKOHYE
dbyHKII pereHepailii curHaay 1 mepeaadi Woro gam B Kiblle. SAkimo axpeca B kKamupi
BiAMoBiAae qanomy By3iy, KIIT komitoe naHi y cBiid Oydep oOMiHY IS X MOAATBIIOT
nepenaui  kiHmeBomy npoaatrky. Ilpm mpomy KIII momituTe kaap mnpamopiem
"mpoyuTaHui" 1 BIANPaBUTH Jajl y Kidblle. SIKIIO KUIbIIE 3HAXOIWUTHCS B CTaHI
CIIOKOIO (H1 O{HA CTaHIIisl HE BeJAC Mepeaady JaHuX), M0 KUIBLIO IUPKYJII0E MapKep,
noMmiueHud mpanopreMm "BuibHMIA". Mapkep sBisie coboro  iH(opmamiitHun
CITY)KOOBUM KaJp OBXKHWHOK JeKUIbKa OIT, IS 3amucy A0 HHUX HEO0OX1THHX
IparnopuiB.

BinpHuii Mapkep HUPKYIIIOE MO KUIBIIO Bl By3Ja J0 By3na (puc. 4.15), 1 Oyab-
sKa CTaHIIis, 1110 Ma€ JaHl Ui rmepeadi, MOXe 3aXOlMUTH MapKep, T0AaTH 10 HbOTO
BJIACHUHM KaJlp, MOMITUTH MpanopuemM "3alHATHIl" 1 BIANPAaBUTH WOTO Jajil B KUIBLE.
Taki cucTeMHu Ha3UBAIOTHCS CUCTEMaMU 3 SIBHUM MapKepoM — OyAb-sIKHU BY30J1, LIO0
OTpUMaB BUILHHUI MapKep, MOKe po3rovaTH nepeaady. Mapkep 3 JaHUMU TPOXOIUTD
BiA By3na — 10 By3na. KIII xoxkHOTO By3na mpouyuTye Mpamopill 1 aJpecHe MoJe
MapKepy 1 pEeTpaHCIIIoe MapKep 3 IaHUMU B Kiiblle. BUKOHABIIM TOBHUN 00€pT 1O
KUJIBLIIO, MapKep 3 JaHUMU JIOcsiTae By3Ja-BiJNpaBHUKA. By30i1-BiqIpaBHUK 3BUIbHSIE
Mapkep (BuUmajsie BIACHUW Kajp, BIEBHUBIIKCH, 110 BIH MOMIYEHHUI MpamnopiemM
"mpounTaHuii", moMidae Mapkep mparnopieM "BUIbHMIA" 1 Biampamise Horo gam B
KUIbIle). SKIIO BUTbHUM MapKep BUKOHAE MOBHUM 0OEPT MO KUIBIIO 1 3HOBY JOCSTHE
JTAHOTO BY3JIa-BIAMpPAaBHUKA, TO 1€ BY30J Ma€ MPaBO 3HOBY 3aXOINUTH Mapkep 1
BUKOHATH Tepeaqy HACTYITHOTO Kaapy.

B neskux MapkepHHX CHCTEMax € MOKJIMBICTh OJHOYACHOI Iepeaayl KaJpis
BiJl JIEKUIBKOX BY3JiB (Tak 3BaHa '"mifmcanka" kanpiB). Byson, mo mae mani mms
nepenayl, BUJANSE BUIBHUI MapKep 3 KUIbLS, T'€HEpye BIACHUM KaAp JaHUX 1
pO3TaIIoBye Mapkep Mo3ady Kaapy naHux. HacTymHwii By30J1 B KUIBIN, Yy SIKOTO
TaKOX € JIaHl JJIA Tiepeadl, 3HOBY BUAAIIAE MapKep, T0JA€ 0 MOMEPEIHBOTO Kaapy
BJIACHUM 1 TE€HEpY€E M03aJly KaJpiB AaHUX HOBHU Mapkep. Y pe3ynbTaTi MO KiIbIO
IUPKYJIIOE JCKITbKA KaJpiB BiJ PI3HUX BY3JIB, IO J03BOJSE OUTHII €PEKTUBHO

BUKOPUCTOBYBATH KaHajl y BHUIIAJKY HOro BEJMKOI MPOTSHKHOCTI, KOJIM 4Yac o0epTy
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CTa€ JOCTaTHbO BEJUMKHUM. Takuil MiaXii BUKOPHUCTOBYETHCS B MAariCTpalbHIN
texHosorii FDDI.
MapkepHa mmHa

Jlauuii MeTon peani3yeThCsi B MEpekax 3 IIMHHOIO TOIOJIOTIE€I0 1 BUKIIOYAE
MOXJIMBICTh BUHUKHEHHS KOJIi31i B TaKUX Mepekax. MeToa He motpedye (Ppi3udaHOoro
YOOPSIAKYBaHHS BY3J7iB (T0OTO, 100 By37aM OyiaM MAKIIOYEHI [0 IIUHH Y
BHU3HAUECHOMY MOPSAJKY). 3a TOMOMOTOI0 MEXaHI3My JIOTI4YHOI ajpecallii Moxe OyTu
npu3HavYeHa Oy/ib-sIKa MOCIIIIOBHICTD Mepejiaul MapKepy JOCTYITy BijJ By3Jia JI0 By3Jia
(BITIOBITHO, MOXJIMBO OTPUMATH OYJIb-SIKy KOH(ITypalito KiIbIIs).

B manomy MeTonl BHUKOPUCTOBYETHCS KaAp KEpyBaHHS, KU HA3MBAETHCSA
OpaBoOM JocCTymy, abo MapkepoM Joctymy. Lleii mMapkep Hajae B MOHOIIOJIBHE
BUKOPUCTAHHS 3arajbHUN KaHall BY3Ily, aJipeca sSIkoro BkazaHa B Mapkepi (puc. 4.16).
[le#t By30:1 yTpuMy€e KaHal BOPOJOBXK 4acy, 110 HEOOXIAHUM JJIs mepenayl JaHuX, 1
MOTIM TIepeae MapKep y BIAMOBIIHOCTI 3 JIOTTYHOIO KOHGITypalli€ro Kuiblig. Mapkep
OyJe pO3MOBCIOXKYBATHCS B OOMABI OOKM MO BCbOMY IIMHHOMY KaHally, HOTO
OTPUMAIOTh 1 MPOAHATI3YIOTh BCl BY3JH, ajie¢ 3aXONUTH KaHal 3MOXE TIIbKU TOU

BY30J1, aJipeca sIKOro BKa3aHa B MapKepl.

JNoriyHe
1 S=B|< — —[S=A|l< — —
| A C Kinbue |
. ®i3nyHa WwuHa |
| | | |
| B D N
— — —=|Ss=D|— — = |S8=C

S — azmpeca HaCTYNMHOro By3J1a, IKOMY IEPEIAE€THCS MapKep JOCTYITY.

Pucynox 4.16 - Cxema pob0TH MapKepHOi LIMHU

Anpeca B Mapkepi 3MIHIOETbCA B LMKIIUHIN mociioBHOCTI. Lle mo3Bosie

pealizyBaTH JOT14He Kijiblle Ha (DI3UYHIN MIKHI.
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Jlauuif MeToJ TakoXX BIAHOCUTBCS JO SIBHUX MAapKEpHUX CHCTEM.

BuxkopuctoByetbest B mpotokoni JIOM Arcnet (cranaapt IEEE 802.4).

4.3.11. IIpiopuTeTHi CJI0TOBI cUCTEeMH

€ mnojanbIIMM  PO3BUTKOM CHUCTEM 3  YacOBUM  KBAaHTYBaHHAM 1
MYJIbTUIUIEKCYBaHHSIM, 10 Oynau po3MIgHYTI Buie. B Takux cuctemax
BUKOPHCTAHHS 3arajlIbHOTO KaHAIy Iepeaadyl BUKOHYEThCS HA JEAKIM MPiOPUTETHIN
ocHOBi. Hampuxman, MoxyTb OyTH BHUKOPUCTAaHI HACTYIHI KpUTepii st
BCTAHOBJICHHSI ITPIOPUTETIB BY3JIaM:

— TIOTIepeHE BOJOIIHHS YaCOBUM CIIOTOM;
— Yac BIJIOBI/II, 110 33JI0BOJILHSE 3aJaHUN BY30JT;

— 00'eM maHMX, IO IEPEAAIOTHCS;

BHUMOTH JI0 XapaKTEPUCTHK Mepeaadl JaHHX.

[IpiopuTeTHI CIOTOBI CHCTEMH MOXYTh OYyTHM peai3oBaHi 0€3 eTaJOHHOI
cranuii. B 1poMy BuUNAAKy KepyBaHHS BUKOPHCTAHHSM YacOBHUX CIIOTIB
3a0€3MeuyeThCS IUIIXOM 3aBaHTAKEHHS MTapaMeTPIB MPIOPUTETIB HA KOKHOMY BY3IIi

(BUKOPHUCTOBYETHCS B CYTyTHUKOBUX CUCTEMAaX Mepeaadi).

4.3.12. CucreMu ¢ KOHTPOJIEM Hecy4oi 0e3 KoJIi3ii

BiaMiHHICTP JaHUX CHCTEM B CHCTEM 3 KOJI3ISIMH 3aKIIOYA€ThCA B
CrieliaJIbHIM JIOTILI JIJIs1 HEIONYIIEHHS BAHUKHEHHS KOJII31H.

B cucremax 06e3 Komi3iii BUKOPUCTOBYETHCS CICHIATBHUNM MPUCTPIH, 10
HA3MBAETHCS TaliMepoM, abo apOiTpom. Lleit npucTpiii BU3HAYa€, KOJIU BY3JIU MOXYTh
BUKOHYBAaTH Tiepelayy B 3arajJibHUil KaHai Oe3 HeOe3MeKM BUHUKHEHHS KOJI3ii.
KoxxHoMy By3i1y momnepeaHbO BCTAHOBIIOETHCS BU3HAYEHWUW YACOBUUM MOPIT, MICIA
HACTaHHSI SKOTO BY30J, Ha 0a3l JESKOro 4acoBOI'O IHTEpBAy BU3HAYa€, KOJU BIH

3MOKC BUKOHATH IICpCaady A0 3araJibHOro KaHally.
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YacoBi mOpord MOXKYTh BCTAHOBIIOBATUCS Ha 0a3l MPIOPUTETHUX CXEM,
IpPUYOMY y By3Jia 3 HAMOLIBIIKUM MPIOPUTETOM YaCOBUM MOPIT HACTAE paHillle, aHK Y
IHIIUX BY3/iB. Y pasl, SKIIO Yy HbOIO HeEMa JaHUX JUIS Tepeaadi, KaHaia Oyje
MPOCTOIOBATH JI0 HACTaHHS YacCOBOTO IMOPOTY HACTYITHOTO IO TPIOPUTETY BY3JIA.
JlaHuii By3011 BU3HAYaE, 10 KaHAJ BUIBHUH 1, TaK K BUAUICHUN HOMY JIIMIT Yacy JJIs
nepeaadi He BHUYEPIIaHO, BiH 3MOXE 3aXOINUTH KaHal i BUKOHATH Tepenady daHUX.
Cucrema 6e€3 KOJi3iii BUKOPHUCTOBYE apOiTpa, MO0 HAZaTH MOXIHUBICTh BY3Iy 3
HACTYITHUM I10 BEJIMYHHI MPIOPUTETOM BUKOHATH Tepeiady JaHUX y BUIBHHM KaHaI.

Takuit miaxig 3Ha4HO 3MEHIITY€ Yac MPOCTOI0 KaHAITY.

4.3.13. IIpiopuTeTHi MapKepHI cHCTeMHU

SBnsitoTh  COOOK0 TOKpAIllEHYy CXEeMy Iepeaadl Mapkepy, 110 mnepeadayae
BUKOPHWCTAHHS NMPIOPUTETIB B MAPKEPHIN Mepexi (3a3BUYail B MApKEPHOMY KiJiblil). B
TaKUX CHCTEMax KOXKHUH BY30JI, IO MiJKIIOYEHUHN 10 KIIBIIEBOTO KaHATy, OTPUMYE
JesiKe 3HAYEeHHs TMpIOpUTETYy (CTaHIAPTHO BHUKOPUCTOBYETHCS BICIM PIBHIB
MPIOPUTETIB).

[Ipu3HavyeHHA TMPIOPUTETHOI CXEMHU MOJIATAaE B TOMY, IIO0 BY30J HamaraBcs
3ape3epByBaTH KUJIbIIE JJIA TIEpeaadl JaHUX B HACTYITHOMY ITUKIII 00epTy Mapkepy.
Jlis iporo B Mapkepi HasiBHE CHeIlialibHe ToJie pe3epByBaHHs. Komm By3011, 1m0 Mae
JaHl IS Tiepeadi, OTpUMYy€E MapKep 3 JaHUMH, BiH 3aIlUCYE B MOJIE€ PE3epPBYBAHHS
BJIaCHE 3HAYEHHS MpiopuTeTy. HacTymHuil By301 Ha 3arajlbHOMY KaHalli, 110 Mae
JaH1 JJid nepeaadi, aHali3ye 3HaUeHHS MOJIsl pPe3epBYBaHHS 1, SKILO HOro MpIOpUTET
BUIIMKA 3a 1€ 3HAYCHHS, BY30JI 3alUCy€ BJIACHE 3HAUYEHHS MPIOPUTETY B TIOJIC
pe3epByBaHHs. TakuM 4YHHOM, BY30JI 3 HAMOUIBIIMM MPIOPUTETOM 3ape3epBYE
BUKOPHUCTAHHS KaHaTy B HACTYITHOMY ITUKJIi.

[Ipu 3BiTBHEHHI MapKepy BY30J-BiIIIPABHUK MEPETHINE 3HAYCHHS MIPIOPUTETY
3 TOJI Pe3epPBYBaHHS B MOJIE MPIOPUTETY, MOMITUTh MapKep IpanopieM "BuibHUA" 1

BIJIIPABUTH MapKep B KiJiblle. [lepriuii By30J1 Ha 3arajiIbHOMY KiJIBIIEBOMY KaHal, 110
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Ma€ JaHl s mepeadi 1 MPiOpUTeT SIKOTO CIIBHAAAE 3 MPIOPUTETOM MapKepy, Mae
IIPaBO 3aXOIMUTH MapKep 1 BUKOHATH Tepenady AaHux. By3nu 3 MEHIINM 3HauEHHSIM
pIOpUTETY HE MAIOTh TIPaBa 3aXOMUTH MapKep.

Pe3epBytoun mapkep, BHCOKOMPIOPUTETHUN By30J1 3allaM'iTOBY€E IOMEPEIHE
3HaueHHA npioputeTy. Konau Mapkep 3 TaHUMHU 3BEPIIUTH MOBHUM 00€pT MO KIJBIIIO,
BY30J1 TMEpEenuIle 11e 3HAYCHHs 3 MaM'sTi B T0JIe MPIOPUTETY, Nal0ud TaKUM YHMHOM
MOJKJIMBICTh BY3JlaM 3 MEHIIUM IMPIOPUTETOM BHUKOHATH Tepeaady JTaHUX Npu
BHUCOKI{ IHTEHCUBHOCTI BUCOKOIIPIOPUTETHOTO TpadiKy.

[IpiopureTHa cxema BUKOPUCTOBYEThCS B mpoTokoii JIOM IBM Token Ring i

cranaapti IEEE 802.5.

4.4. Oco01uBOCTI MOIEJII I APXITEKTYPH JIOKAJIbHUX MEPEK

Jlns cTangapTu3aiii TpOTOKOJIIB JIOKATBHUX 0O0uncToBaIbHUX Mepex (JIOM)
BUKOPHUCTOBYEThCS HAO1p cTanaapTiB 802 IHCTUTYTY 1HXXEHEPIB €JIEKTPOHHOI TEXHIKU
ta pamioenektpoHiku (IEEE). Lleit HaGip cTaHmapTiB OMHCY€E JiBa HUXKHIX PIBHI
mozeni OSI (dbiznunuii Ta kaHaasHUN) 1 opieHToBanuit Ha JIOM [O: 1, 2, 3, 4].

OCHOBHI CTaHJAPTH.

802.1 — Bctyn no JIOM — BusHauae apxitektypy JIOM 1 ii 3B's130k 3 MOAEIITIO
OSI, ocobmMBOCTI BEpXHIX PIBHIB MOAENI 1 aAMiHICTpaTuBHE KepyBaHHs JIOM.
JlonatkoBo B 1Ied CTaHIAPT BXOMSTH NMPOTOKOJIH, IO BPAaXOBYIOTh MIXKMEPEKHY
B3a€EMO/Ii110, HAPHUKJIA/:

802.1 q — BipTyalbHI JOKaJIbHI MEPEXKI,

802.1 p — mpiopuTesaitist Tpadiky,

802.1 d — mpoToKO OCTOBHOTO AepeBa (spaning tree).

802.2 — mpoTokon KepyBaHHs joridHoro jaHkoro ganux (LLC) — Bu3Hagae
byHkIii iHTEepdericy Mk (PI3UUHUM cepeIOBUIIEM MepeIadl 1 MPOTOKOJIaMU BEPXHIX

PiBHIB.
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[amn crapmapté 3 Habopy 802 omuCyrOTh KOHKPETHI MPOTOKOIHM KEpyBaHHS
KaHaJaMH Tepeayl JaHuX. 3 HUX HalOUTbII pO3MOBCIOIKEHI:

802.3 — mpOTOKOJ MHOKHUHHOTO JIOCTYITY 3 KOHTPOJEM HECY4Oi 1 BUSBICHHSIM
komizit (MAKH/BK) — ananor mportokony Ethernet — mepima Bepcisi mpoTokoiy, B
aKoMy crienudikaiiisa Gpi3uIHOro piBHSI Opi€HTOBaHA Ha KoakcianbHUU Kadens (KK).
JlaHuii cTaHaapT Mae HACTYITHI Bepcii:

802.31 — 10 Base-T,

802.3u — 100 Base-TX, T4, FX,

802.3ab, 802.3z — rirabiTHa Mepexa (Gigabit Ethernet).

802.4 — mpoTOKOJ MapKepHOi IKHU (aHaJIOT Mepexkl Arcnet).

802.5 — nmpotokon mapkepHoro Kiibl (aHasnor IBM Token Ring).

802.6 — craHgapT Ha MOOYJOBY MICHBKUX MEPEK.

802.11 — 6e3aporosi cuctemu Wi-Fi (Radio Ethernet).

802.12 — mpOoTOKOJI LIEHTPATI30BAaHOTO JOCTYIy Ha 0a3l MPIOPUTETHUX 3aIUTIB.

802.16 — 6e3apoToBa TexHozoriss WiMAX.

VY BianosigHocTi 31 ctangaptom 802.1 cipormiena moaens OSI nnst JIOM moxe
OyTH mpe/cTaBleHa B HACTYTHOMY BUTIJIsiAl (puc. 4.17).

VY BignmosigHocTi 3 Mmoaemmo JIOM, mo onucana B cranaapti 802, KaHAIBHUI
piBEHb PO3UTIOETHCS HA JIBA MIAPIBHI:

— KEepyBaHHS JIOTTYHUM KaHajioM abo yaHkorw (LLC),
— KepyBaHHs aoctyrnoM Jo cepenonuiina (MAC).

B ¢ynkuii LLC Bxoasth nepenaya KaJpiB Midk By3J1aMH 1 BUSIBJICHHS TIOMUJIOK
nepenavi. IligpiBens LLC € yHIBepcadbHUM ISl BCIX MPOTOKOJIB KEpyBaHHS
kaHajioM 802-TO CTaHIApTy, HE3AJIEKHO BiJ OCOOJIMBOCTEN peanizaili (pi3MIHOro
CepelloBHIIa Tiepeiadi Ta KOHKPETHUX METOIIB JOCTYITY /10 KaHaly.

[Tinpieenr MAC peanizye aqropuT™ JOCTYMy A0 3arajibHOr0 KaHaly mnepeaadi
1 (bi3UYHY aapecarriro By3JiB.

@di3uuHui piBeHHb 3a0e3neuye MIAKITIOUEHHS 10 (I3UYHOTO CEepeoBUIIA,
KOJyBaHHSl Ta JAEKOAYBAaHHS CHUTHAJIB, ix Oydepuzarito, mMiATPUMY€E 1 BiJIHOBIIIOE

01TOBY CHHXpOHi3ali0. Po3aiiseTbes Ha ABa MiPiBHI:
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— KepyBaHHs ¢izuyHuM curHaiom (PCS),

— MOAYJb JocTymy 10 cepeaonuina (PMA).

PiBHi OyHKITIT Peamnizamis
[Muknagawii [TinTpuMka 1omaTKIB 1 3acobu OC
[IpencraBHULbKMI KOPHUCTYBayiB
Ceancosuit
TpancnopTHuUiA
Mepexuuit Mapmpyru3zanus i TCP/IP
nepeaayda JaHux Net BIOS/Net BEUI
Kananbuuit KepyBaHHsI Tori9HIM KepyBanus kanaiom Hpaiiep NDIS
kaHajoM (LLC) nepenaayi,
KepyBaHHs 10CTYIOM | BUSABJIECHHS 1 Mepexxuuit ananrtep
1o cepenu (MAC) BUIIPABIICHHS IOMUJIOK
(hI3UYHOTO PIBHS
di3nuHmit KepyBanns ¢izuunum | @opmyBaHHs 6iTOBOT Mepexxnuit afanrtep
curnanom (PCS) MOCIT1JOBHOCTI,
Mopyne gocryny 1o CHHXPOHi3aIlis MepexHnuii agantep
cepenouia (PMA)
Iarepdeiic, 1o CrpsixeHHs 3 MepexHnuii agantep
3aJICXKUTH BiJl KOHKPETHUM (hi3HUHUM
cepenouia (PMD) CepeIOBUILIEM

Pucynox 4.17 - Mogens apxitektypu JIOM

HonatkoBo B apxitektypl JIOM BuauisitoTe iHTEp(deic, 1m0 3aleKUTh BiJ

cepenopunia (PMD) 1 BpaxoBye XapakTEpUCTUKH KOHKPETHOTO CEpEIOBUIIA

nepeaadi 1 0CoOIMBOCTI IMAKIIOUSHHS 10 HBOTO.

@yHKIIi BCIX IHIIMX PIBHIB aHAJOrI4YHI (YHKLISIM PIBHIB B CTaHIApTHIN
cemupiBHeBi Moaen OSI, TIIbKH peani3yloThes 3a JONOMOIOI0 CTEKIB KOHKPETHUX

MIPOTOKOJIB, IO BUKOPUCTOBYIOTHCS B JIOKAJIBHIM MEpeki 1 3aco0amMu MEpeKHOi

oreparifHoi CUCTEMH.

4.4.1. KepyBanns joriuauMm kaHajom (LLC) i crangapt 802.2

Ho ¢yskmii LLC Bxomuth mepenaya KaapiB MK By3jJaMH, BKIIOYAIOYU

BUSIBJICHHS 1 BUTIPABJICHHS TOMWIOK. [y mepenadi Moxke OyTH BUKOPUCTaHHUI abo
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neuTarpaMHMiA  MeTon, a0o Tpoleaypa 3  BCTAHOBJICHHSAM  3'€MHAHHA 1
niaTBep/ukeHHsM. Lleld mpoTokonm He 3a’iexuTh B (PI3SUYHOTO CcepeloBHINA 1
QITOPUTMY JIOCTYMY JO HBOTO 1 € YHIBEpCAJIbHUM JIJIsl MPOTOKOJIIB KaHAJIBHOTO 1
¢i3uunoro piBHIiB cranmapty 802 i1 cranmapty FDDI. B ocuoBy mporokomy LLC
nokiaaeHo mnpotokol HDLC (BHCOKOpIBHEBHII NPOTOKON KepyBaHHS KaHAJIOM
nepeiayl JlaHWx) 3 TPYNU TMEPBUHHUI/BTOPUHHHM, 1110 BHUKOPHUCTOBYE METO]
KOB3aI0UNX BIKOH.

V BianosinHOoCTI 31 ctanaapTom 802.2, piBenb LLC Hagae BepXHiIM PiBHSAM TpHU
TUTIU TPOIIEYP:

1) LLC (tun 1) — mnpouenypa ©0e3 BCTaHOBJIEHHA 3'€lHaHHS 1 0e€3
HiATBEP/UKEHHS [IPUIIOMY.

2) LLC (tun 2) — mpoueaypa 3 BCTAHOBJICHHS 3'€JTHAHHS 1 3 MIATBEPIKCHHIM
IIPUNOMY.

3) LLC (tun 3) — mpouenypa 0e3 BCTAaHOBJCHHS 3'€THAHHA 1 3
MiITBEPKCHHSM PUHOMY.

LLC 1 npencraBinse qedtarpaMHUid pexuM Tepeiadi 1 BAKOPUCTOBYETHCS TO/I,
Ko (PyHKIST BUSIBICHHS 1 BHIIPABJICHHS TMOMWJIOK BHKOHYETHCS MPOTOKOJIAMU
BepxHix piBHIB (Hanpukiaa, TCP).

LLC 2 peanizye MeTOJi KOB3alOUMX BIKOH, (DOPMYIOYM TpH IILOMY BipTyasibHi
KaHaJIM MIXK BIJMIPABHUKOM 1 OTPUMYBAUYEM.

LLC 3 mepenbaueHuid 1jisi CUCTEM, y SIKMX KPUTHYHI HAKJIAJHI BUTPATH HA
BCTAHOBJICHHSI 3'€HaHHS (HANpPUKIAJ, CHCTEMH KEpPYBaHHS TEXHOJOTIYHUMU
MPOIIECaMU B pEAIbBHOMY 4aci).

Buxopucranns koakpetHoro tumy npouenypu LLC 1 — LLC 3 3anexuTh Big
CTEKY MPOTOKOJIIB BEPXHBOTO PIBHS, III0 BUKOPUCTAETHCS.

Tax, crekm TCP/IP, IPX/SPX BuxopucroBytorb LLC 1, cTek
NetBIOS/NetBEUI — LLC 2, xonmu cam npotokos NetBEUI noBunen mpartoBatu B
pexuMi BITHOBJIEHHS 3aryosnenux 1 3incoBanux kajapiB 1 LLC 1, xomun NetBEUI
MpaIfioe B AeHTarpaMHOMY PEXKUMI.

Kinnesi By31mu MOXXyTh 3a0e3ne4yBaTu Jekiibka TumiB nocayr LLC.
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3a UM KpUTEPIEM BOHU MOAUISIOTHCS HA HACTYITHI KJTACH:

1) mpuctpiii knacy 1; 3a6e3neuye nocnyru LLC 1,

2) npuctpiit knacy 2; 3ab6e3neuye nocayru LLC 11 LLC 2,

3) mpuctpiii knacy 3; 3ab6e3neuye nocayru LLC 11 LLC 3,

4) npuctpiit knacy 4; 3a6esneuye nocayru LLC 1, LLC 2 1 LLC 3.

Kanpu piBus LLC HocsaTeh Ha3By nporokoibHuX OnokiB manux (PDU) i

MOIUIAIOTHCS HA TPH THIIH:

1. I-kagpu (iHpopmariiini) — mnependauveHi i mnepenadi  iH@opmarii B
npoleaypax 3 BCTaHOBJEHHsAM JioriyHoro 3'eqHanHs LLC 2. BwiniyroTh
1H(pOopMaIlil0 BEpXHIX PIBHIB 1 KEpYIOUy 1H(POPMAILIIIO JJI1 KEpYyBaHHS OTOKOM
JAHUX B PEKMMI KOB3aI0UOT'0 BiKHA.

2. S-xaapu (kepyroui) — mepenbayeHi s Mepenadi KoMmaHi 1 BIANOBIIEH B
mpoleypax BCTaHOBIEHHs JoriuHoro 3'eqnanns LLC 2. 1li xaapu
BUKOHYIOTh 3alHUT 1 MPU3YNHUHSIOTH Mepenady, MOBLAOMIISIOTH MPO CTaH 1
NIATBEPKYIOTh IPUHOM 1HPOPMALIIITHUX KaJpIB.

3. U-kampu (HEBMOpSIKOBaHI, HEHYMEpOBaHi) — mepeadadeHi s mepenadi
HEHYMEpPOBAaHMX KOMaHJ 1 BIJANOBiACH, sKi 3a0e3neuyloTh nepeaady

iHdopmarii, imeHTtudikamito, tecryBanHs LLC-piBHS B mnponeaypax 0e3

BCTAHOBJICHHSI JIOTIYHOTO 3'€JHAHHS, a B TMpOIeAypax 3 BCTAHOBJICHHSIM

JIOTIYHOTO 3'€HAHHS 3'€IHYIOTh 1 PO3'€IHYIOTH JIOT1YHI 3'€IHAHHA 1

1H()OPMYIOTH TIPO TOMUJIKH.

Bci tunu kaapiB LLC-piBHs MatoTh €quHuii popmart (puc. 4.18).

1 BaiT 1 Bair 1 Badr 1 afio 2 Baity 3MIHHA L OEMMWHA 1 Bair
n ANpECs TOYKW | ALPECE TOYKK Mpanopeys
panopede ROCTYIY poCTYNY Kepyiode Mane nanu
01111110 | npwsHedensa | pkepena none A 01111110
DS AP SSAP

k.

3aroNoBoK Kagpy

~

Pucynok 4.18 - ®opmat LLC-kaapy
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[Mpamopui (1 Gaiit - 01111110) — BuxopuctoByeThcsi Ha MAC-piBHI AJid
Bu3HaueHHs mex LLC-kanpy.

Kaap piBus LLC Bknamaetrbcss B kaap BiamosigHoro piBHi MAC. 1la
npoleaAypa Ha3UBaEThCA 1HKanCysieto. [Ipu boMy npanopiii BiAKAIAIOThCS.

3aronoBok LLC-kaapy MICTUTh TpH MOJIS: ABa aAPECHUX 1 KEpyroye.

[Ipouienypu BepxXHiX piBHIB BUKOPUCTOBYIOTH mpouenypu LLC dyepe3 Touku
noctynmy o mocayr (SAP). Anpeca DSAP inmentudikye mnpuitmaroumii mporiec
BepXxHbOTo piBHA. Azipeca SSAP iaeHTHdiIKY€E nepeaiounii MPoI1ec BEPXHbOTO PiBHS.

[IporpamHomy 3a0€3n€4eHHIO BY3J1iB IPU OTPUMAaHHI Ka/Ip1B KAHAJIBHOTO PIBHS
HEOOXIJTHO PO3Mi3HATH, KU MPOTOKOJ BKJAB CBIM MAakKeT B IMOJIE JaHUX KaJapy IS
TOro, 00 MepeJaTH OTPUMaHUM 3 KaJpy MakeT MOTPIOHOMY MPOTOKOJY BEPXHBOTO
piBHA 7151 OOPOOKH.

3naueHHs aapec SAP TOpUNUCYIOTBCA MPOTOKOJAM Y BIAMOBIIHOCTI 3i
cragaaprom 802.2 (manpuxnan, [P — SAP 0x6, Net BIOS — 0xFO0).

JI1s oMHUX BUIIAJIKIB BU3BHAYEHA TIJILKHU OJIHA TOYKA BXOJY 1, BIMOBIIHO, OAUH
SAP, nns 1HIINX — OeK1IbKA.

Anpecu DSAP 1 SSAP npu 3Buuaiiniii nepenayi criBnaaaroTh. Pi3H1 3HaUEHHS
DSAP 1 SSAP BUKOPUCTOBYIOTHCS B Kajpax, IO MOBIIOMIISIIOTH MPO SKICh OKpeMi
CUTyallll, HAmpHUKIaJ, NpU TEPexXoal MPOTOKOIY B IHIIUNA PEKUM Tepenadi
(BukopuctoByeThes B NetBEUI).

ITone xepyBaHHS 3aJIeKUTH BiJ TUITY Kajpy (puc. 4.19) .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
I-kagp 0 N (S) P/F N (R)
Skagp | 1]0] 8 [~ — - - N®)
U-kaap 111 M |P/F M

N(S) — HOMep TOCTIAOBHOCTI BiJIMPABKU
N(R) — HOMEp MTOCITIIOBHOCTI TIpHIIOMY
M — noJie KOMaH[

P/F — Poll/Final

Pucynok 4.19 - ®opmart nonst kepyBanns LLC - kaapy
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B pexxumi LLC 1 BukopuctoByroThes Tiibku U-kaapu. B oMy Bunaaxy mose
KepyBaHHs Mae 1 OaiiT. Bci miamosis MarTh HYJIBOBI 3HAUCHHS; 3HAYMMI TIJIbKH
nepmux jABa OITH, IO BU3HAYAIOTh O3HAKy TUMy Kaapy (0x03 3 ypaxyBaHHAM
3BOPOTHBOTO MOPSJIKY HyMeparlii OiT B Kaapi).

B pexumi LLC 2 BUKOPUCTOBYIOTHCSI BC1 TpU TUIU KaJipiB. B boMy pexxumi
KaJpu TOAUBIIOTECS Ha KomaHmu 1 BimmoBimi. bit P/F BukopuctoByeThcs mis
peanizamii QyHKIIM KepyBaHHS NMOTOKOM. B koMaHmax BiH Mmae Ha3By "OiT Poll" 1
notpebye Buaaul HeraiHoi BigmoBiai ("1"). YV BiAmoBiAsiX BiH Ha3UBA€ThCS '"OIT
Final" 1 BKka3ye Ha Te, uu € MOTOUHUM KaJp ocTaHHIM y Bianosiai ("1"), ado ("0").

U-kaiipu BUKOPUCTOBYIOTHCSI Ha MOYATKOBINM CTajli BCTAHOBJICHHS JIOT1YHOTO
3'ennanHss B mpouenypi LLC 2. Ilonme M Bu3Hauae JeKiIbKa THUIIIB KOMAaH],
HaIPUKIIA;

SABME - BcranoBuTH 30ajaHCOBaHUN ACHMHXPOHHHUM PO3MIMPEHUN PEKUM.
Komanzna € 3anuToM Ha BCTAaHOBIJICHHS 3'€HAHHA. PO3MMpEeHU peKUM BKa3y€e Ha
BUKOPHUCTAHHS TBOOANTOBOIO MOJISI KEPYBAHHS JIJIs KaIPiB IHIIIUX THITIB BY3JIiB;

UA — HeHyMepoBaHe mMiATBep/KeHHA. lliaTBepaxye BCTaHOBIEHHS a0o
PO3pUB 3'€THAHHSI;

RESET — ckunanns 3'enHanHs (3aIIUT HA PO3PUB 3'€THAHHSA).

Ilicna BcTaHOBIEHHS 3'€¢AHAHHSA AaHl 1 MHO3WTHUBHI KBHUTAHII ITOYHMHAIOTH
nepenaBatucs B [-xkamgpax. Jloriunuit kanan nporokony LLC 2 e pyminekcHum (He
TIyTaTy 3 GI3UMYHUM KaHaioM). [[03UTUBHI KBUTaHIT HA KaJpy TaKOXK HAIXOIATH B
1H(popMaIIiHUX KajapaxX. Y BUIAJKy HEraTUBHUX KBHUTAHII BHUKOPUCTOBYIOTHCA S-
KaJIpu.

B indopmaniiinux kazpax npucytHe mnoie N(S) (HOMep MOCIIIOBHOCTI
BIJIMIPaBKM), 110 BHU3HAYa€ HOMEP Kaapy, SKWM TOBWHEH OyTH BiANpaBlIeHUN
HactynmauM. [lone N(R) B iHbopmariiitHoOMy Kajpi (HOMEp MOCIiJOBHOCTI MPUHOMY)
BKa3y€e Ha HACTYIHUH KaJp, M0 OYiKy€EThCA.

B nporokoni LLC 2 BukopucToByeThCs BikHO Ha 127 kanpiB (Hymepairis 3 0 —

no 127; npuHuun poOOTH PO3IIIAHYTO B METOJI KOB3aIOUMX BIKOH). Y BHIAJKY
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OpUiioMy HETaTUBHUX KBUTAHIIM mepenaBad 3000B's3aHUI MOBTOPUTH MEpenady
KaJapy, B SKOMy Oylia BHUSBIEHA IOMHJIKA, & TaKOXX BCIX KaapiB 3 OUIBIINMHU
HOMEpaMHM, sKI BiH BCTUT BIJNPAaBUTH Yy BIAKpUTE BIKHO 3 127 kaapiB (MeTon
noBepHeHHs Ha N).

[Tone S kaapiB BU3HAYAE ACKIJIbKA TUITIB KOMAaH/I:

REJECT — BigMoBa: BHJA€ThCS MNpUMMadeM, SKIIO HOMEPU TOCHIKH 1
MPUHOMY HE CITIBITAJIN; KaJIp TPH IbOMY BiJKHUIA€THCS;

RNR — npuiimau He rOTOBUI;

RR — nmpuiimad rorosuil.

Komanga RR 3  HOMepoM  TOCHIIOBHOCTI  mOpuiioMy  3a3BU4ail
BUKOPUCTOBYETHCS SIK MO3UTUBHA KBUTAHIIIS, KOJW TMOTIK JaHUX BiJ MpuiiMaya 10
nepejaBaya BiJCyTHiM.

Komanna RNR BUKOpPUCTOBYEThCS Jii YHOBUIBHEHHS TMOTOKY KajpiB, IO
HAJXOJSTh HA TIPHUiiMaY, y BUIAJKY, KOJIH MPUiMayd HEe BCTUTA€E OOPOOJISTH MOTIK, 110
HaaxoauTh. OTpUMAaHHS TaKOl KOMaH/U MepeaBayeM MmoTpedye BiJl HhOTO MOBHICTIO

MPU3YIIMHNUTH TIepeiady 10 OTpUMaHHS Kaapy 3 komaHaor RR.

4.4.2. MHOKUHHHUI TOCTYI 3 KOHTPOJIEM HeCy4o0l i BUSABJIEHHAM KOJIi3iil

(crangapr 802.3)

HaiiGib111 po31moBCIOIKEHUN TPOTOKOJ JIOKATbHUX MEPEK.

B 1980 pomi xommanii Intel, Xerox, DEC onpumonnunu crenudikaiiro
nporokony Ethernet, sika mi3HilIe 3 HEBEIMKUMH JOMOBHEHHAMHM JISTJIa B OCHOBY
crtangapty 802.3.

Crannapt 802.3 Oa3yeTbcs Ha KOHUEMIIT piBHEBUX NpoToKkomiB. [Ipu npomy B
KOXXHOMY BY3JIl BUJIUTSIOTHCS IIpHiiMaroya 1 nepeiaroua CTOpOHHU.

Crporiena cTpykTypa Moieli npeacTaBieHa Ha puc. 4.20.

BepxHi piBHI 00CITyrOBYIOTHCS IBOMA HUKHIMU — KaHAJIbHUM 1 (DI3UYHUM.
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[TlimpiBenb MAC kaHaATBHOTO pIBHS peaiizye ajaropuT™M JTOCTYIy J0

3arajJpbHOTO KaHaJdy Tepemadl 1 CKJIaJdaeTbcsl 3 JIBOX JIOTIYHUX  O0'€KTIB:
0JIOKyBaHHs/1€0JI0KYBaHHS JTaHUX 1 00'€KT aIMIHICTPATUBHOT'O KEPYBaHHS JOCTYIIOM
710 CEepeIOBUIIIA.
OcHoBHI (yHKIIIT ITUX 00'€KTIB:
— OJIoOKyBaHH/1€0JIOKYBaHHSI JTaHUX — (OpPMY€E Kajap, BKIHOYAE B Kajp
HipaxoBye

aapecy  BiAmpaBHUKA 1

oJIep)KyBaya, KOHTPOJIbHY
MOCIIZIOBHICTD B MEPEAAI0UOMY BY3JIi 1 BUKOHYE aHAJIOTIYH1 O0UHCIECHHS
JUISL BUSIBJIIEHHSI TOXMOOK B MPUIIMat04oMy BY3JIL;

— 00'eKT KepyBaHHS JOCTYIOM JO CEpeJOBHINA — TMEepenae Kaap Ha
¢bi3uyHui piBeHb 1 MpUKMaEe KaJp 3 HHOTO, 3aMHuCcye Kaap B Oydep,
3a0e3mnevye yCYHEeHHS KOJII31i Ha mepe/iatouiil CTOpOHI.

@13UYHUN PpIBEHb 3aJEKUTh Bl TUMY (I3SUYHOrO cepenoBuila. Bukonye
HACTYyMHI QYHKIIIT: puiloM/miepeiauy eIeKTPUYHUX CUTHAIIB B KaHal, 3a0e3MeueHHs

CHUHXPOHI3allll B KaHaTi, KOJYBaHHs/I€KOAYBaHHS JTaHUX.
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@®i3uyHUN  piBEHb TaKOX CKJIAJA€ThCA 3 JIBOX JIOTIYHUX  OO'€KTIB:
"KoJlyBaHHS/IeKoIyBaHHsA" 1 "1OCTyI 710 KaHaTy".
" Mepegawa , Lo l: Mowion
BEnokyeaHHA HebnokyEaHHA
JaHHH AAHHH KaHanbHui
MAC piBeHb
KepyeaHHA KepyeaHHa
OOCTYNOwM 00 CeEpedH AOCTyNnomM A0 Cepein

Ko yEaHHA KoHTpONe HekogyBaHHA diznunuin
D aHHE Hecy4ai AFHAX piBeHb
Hoctyn HocTyn

40 EaHany A0 kaHany

Pucynox 4.20 - Crnporiena ctpykTypa Mozen npotokony 802.3



O0'exT "KOAYBaHHS/IEKOAYBaHHA'" BUKOHYE (PYHKIIIT:

— ¢opMye curHaAN I CHHXPOHI3aIii (TaKUi CHHXPOCHUTHAT HA3WBAETHCS
npeaMOyJio1);

— KOJy€e [BIMKOBUH MOTIK 3 BUKOPUCTAHHSAM CaMOCHHXPOHI3YIOUMXCS
JOTIYHUX a00 (I3UYHUX KOJMIB B TMEPEAAI0UOMY BY3Ji 1 BUKOHYIOTh
3BOPOTHIO ONEPALIO B IPUIIMAIOYOMY BY3JIL.

O0'exT gocTymy 10 KaHATY:

— BBOJAUTH (I3MYHUN CUTHAI Ha TNepearodiil CTOpOoHI 1 MpuilMae Ha
MPUHOMHIN CTOPOHI;

— KOHTPOJIIOE HECYUy Ha MpUHMaloyiil 1 nepeiarouiidl CTOpOHaX;

— BUSBJISIE KOJI311 HA TIepearoyiil CTOPOHI.

VY3aranpHeHU BUTIISA KaJpy KaHAJIBHOTO PIBHS Mae Takuid BUTIsy (puc. 4.21).
Ha ¢i3uunoMy piBHI 10 Kaapy J0Ja€Tbcs TmpeamMOyia 1 MOYATKOBUH
PO3AUIBHUK 1 y BUIJIAAI OITOBOI MOCHIJOBHOCTI KaJp BIANPABIAETHCA B (P13UUHE

CEpEIOBHIIIE.

B BaiT BBaiT 2 Faumm 46 - 1500 fadr 4 BaiTH
Lnpeca Appecs Mone MpoTokoAEHMR KOHTRONEHS NOCRIROEHICTE K aHansHAA DiEleHI:u
OTEMMY B 44 BIUMPAEHKES TWMIOE#MHE  ONOK gaHu: Kay
-~ - A
7 Bant 1 hanr ‘o

Mieambyna EDDS"E;EDHEEE HaHi ‘ Di3MYHUA pIBEHE

Pucynok 4.21 - Y3aranbHeHuid BUIJIS KaApy KaHAJIBHOTO PiBHS

[Tonre  "mpeamOyma"  mictuth ciM  cuHxpoOaitiB  (10101010) i1
BUKOPUCTOBYEThbCSI 1Jii TOOITHOI 1 mMOOAWTOBOI CHHXpOHI3alii mpuiiMaya 1
nepeaaBaya.

"IlouatkoBuit po3autbHuk" — 1 Oait (10101011). 3'sBnenns takoi O1TOBOI
MOCJIIJOBHOCTI BKa3ye Ha Te, 0 HACTYMHHUI OalT Oyje meprmm 6aiToM 3arojoBKa
KaJIpy.

Anpecarrisi.
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Koxen By30:1 mae yHikanbHy (pizuuny aapecy (MAC-aapecy) noBxuHoo y 48
0iT. /lana agpeca MpUCBOIOETHCS MEPEKHOMY aJanTepPy BUPOOHUKOM.

dopmat aapecu Mae HaCTynHUN BUTIISA (puc. 4.22).

I/G — mpanopens iHAMBIAYanbHOI/TpynoBoi agpecu. /G = 0 — inauBiAyanbHa
ajpeca, TPUCBOIOETHCS TUIBKKM OJHOMY 1HTepdeiicy, Bkazye Ha MAC-anpecy
MepexxHoro aaanrtepy. I/G = 1 — Bkaszye Ha rpynoBy abo 0araToyHKIIOHaJIbHY, a00
OaraTomyHKTOBY aapecy. Taka agpeca MOxe OyTH MPUCBOEHA JEKUIBKOM MEPEKHUM
iHTepdeiicam. Hamicnani Ha Taky ajpecy Kajapu OyayThb KomitoBaTucs B Oydepu i
o0poOnsiTucs 1HTepdericaMu BCiX BY3JIiB, IO MAalOTh TaKy IpynoBy aapecy. Axmio /G
=1, To Bci 61T 3 0-ro — 1Mo 46-i pPO3TIIANAIOTECA K €/IMHA TPYIOBa ajpeca, a He K
okpemi nonst (U/L, OUIL, OUA) 3Buuaiitnoi MAC-anpecu. [lpusHadeHHs: rpymnoBux
aZipeC BCTAHOBIIOETHCS MPOEKTYBATbHUKAMH MEPEKHUX IMPOTOKOJIB, HAMPUKIA,

TCP/IP.

18T 10T 22 BiTH 24 BiTu
[ve JUL] ou [ Oua
Eiil 448 4 [
Mpanopui Tany Aapeca

I/G — mpanopers iHIMBITyaIbHOI/TPYHOBOT aJipecu

U/L — npanopels yHiBepCaIbHOT0/MICIIEBOTO KEPYBAHHS
OUI — opranizaniiHo-yHiKaJIbHUH 11eHTH(DIKATOP

OUA - opranizaiiiiiHo-yHIKaJIbHa ajipeca

Pucynok 4.22 - ®opmar MAC-aapecu Ethernet

U/L — mpamopells yHIBepCaIbHOTO/MICIIEBOTO KepyBaHHs. BusHauae, skum
YUHOM OyJia MPUCBOEHA aipeca MEPEeKHOMY aaantepy: ko "0" — To BUPOOHUKOM,
"1" — KopUCTyBayeM (3aBXI1 MOBHUHEH OyTH YHIKAJIbHUM B MEXaX MEpexKi).

OUI —  opranizauiiHo-yHikanbHuil  igeHTU(ikaTop.  [IpucBoroerbes
BUpoOHMKaM oOnaaHaHHs komitetoMm [EEE.

OUA - opranizaimiiiHo-yHIKaJIbHa ajpeca. [IpHCBOIOETBCS BUPOOHHKOM

YHIKQJIBHO JIJI1 KOKHOTO aJanTepy.
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Komo6inamiss OUI 1 OUA cknagae yHikanbHO-KepoBaHy aapecy (UAA) . B
takiii agpeci 61t I/G 1 U/L 3aBxau BctanosineHi B "0".

IcHye crnerianbHa OaraTomyHKTOBa ajpeca — "MIMPOKOMOBIIEHEBA", y K01 BCi
48 6it Bcranomieni B "1". Kagp 3 Takoio aapecor OTpUMYIOTH 1 00poOIIsAIOTH BCi

BY3JIH, 110 3HAXOIATHCA Y OTHOMY ,ZIOMGHi MU POKOMOBIJICHH.

®opmatu Ethernet-kaapis

B Ethernet-mepexax MoxxyTh OyTH BUKOPUCTaH1 HACTYIHI ()OPMATH KaJIpIB:
— 802.3/LLC (802.3/802.2, abo Novell 802.2)
— Raw 802.3 (Novell 802.3)
— Ethernet DIX (Ethernet II)
— Ethernet SNAP

Kaop 802.3/LLC (802.3/802.2) (puc. 4.23)

6 GaWt 6 baut 2 bata 1 Balt 1 Galt 1(2) barit(a) 46 - 1497 (1496) bait 4 Gaiita

[DA[SA| L |DSAP[SSAP[Control[Padding i Data |[FCS|

Baronoeok LLC

64 - 1518 Bawt
I 1

DA — aapeca otpumyBaua

SA — anpeca BianpaBHUKA

L — noBxxmHa

DSAP — anpeca Touku 10CcTyny MpU3HAYECHHS
SSAP — agpeca TOUKH JOCTYIY JIKepena
Control — mone xepyBaHHs

Data — none ganux

Padding — mone 3anoBHEeHHS

FCS — xoHTpOIBHA TTOCITIIOBHICTD Ka/IPiB

Pucynox 4.23 - ®opmar kaapy 802.3/LLC

3aroyioBOK IILOTO KaJIpy € pe3yJbTaToM 00'€THaHHS TIOJIIB 3aroJIOBKIB KaJpiB

crangaptiB 802.3 Ta 802.2.
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DA — anpeca otpumyBayva. [loBxuHa moss Moxke Oytu 2 abo 6 GaiiT. 3BuyaitHO
BUKOPUCTOBYEThCS 6 OaiiT (MAC-aapeca abo rpyroBa aapeca).

SA — anpeca BianpaBHuka. JJoBxuHa mois Moxe Oyt 2 abo 6 Gaitt. [lepmmii
O0iT B ampeci 3amxam piBHui "0" (B mone 3ammcano MAC-ampecy By3na-
BIJIMPaBHUKA).

L — nowxuHa; 7B0OaTOBE 1OJIE, 110 MICTUTh 3HAUYECHHS JOBXHUHU IO TAaHUX
B KaJIpi.

Data — nmone nmanux; 0 — 1497 OGait. SKiio JoBKHMHA MO JaHUX MeHIIa 46
0aliT, To BUKOPUCTOBYEThCS MoJjie 3anoBHeHHs Padding, mo06 1onoBHUTH MOJIe TaHUX
710 MiHIMaJIbHO MPUITYCTUMO] TOBXKUHU 46 OailT.

Padding — mone 3amoBHEHHS; MICTUTh HEOOXIAHY KUIbKICTh OaWT-
3aMOBHIOBAYIB, 11100 3a0€3MeUUTH MIHIMAIBHY JOBXKUHY IO 1aHuX B 46 OaitTiB. Lle
HEOOX1JTHO JUIsl KOPEKTHOI pOOOTH MEXaH13My BUSBJICHHS KOJIi3ii (Tpeba BUTpUMATH
MIHIMAJIbHY JOBXHUHY KaJipy y 64 Oailth).

FCS — kxoHTposjbHA MOCIIOBHICTH Kaapy JOBXKWUHOKO B 4 OailTu. MicTUTH
KOHTPOJIbHY CYMY.

Kanp 802.3 € xagpom miapias MAC 1, B BiANOBIAHOCTI 31 cTangaptom 802.2,
B Mloro mojie maHux BKiamaeTrhes kaap LLC 3 BUIameHHMMU MpamopisgiMH MOYaTKy i
KIHIISA Kaapy.

Tak sk xagp LLC mae 3aronoBok noBxkuHoto 3 6aiitu (LLC 1) abo 4 OGaittu
(LLC 2), To makcumanbHUN po3Mip ToJig JaHux 3MeHiieHo 3 1500 — go 1497/1496

OaMTIB.

Raw 802.3/Novell 802.3 (puc. 4.24)

Asnsge coboro kamp miapiBHa MAC 06e3 BkimaaeHHs kaapy LLC
(BUKOPUCTOBYEThCS B omepairiiHii cucremi Netware ¢ipmu  Novell mpu
BukopuctanHi mpotokony IPX). ¥V Netware Bepcii 4 1 Bumie ¢ipma Novell
BukopuctoBye kagapu 802.3/LLC a6o Novell 802.2.

L <1500 — nosxxrHa, BU3HA4Ya€ peanbHy JOBXKHUHY OJISI TaHUX.
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6 barT 6 GalnT 2 BaKTa 46 - 1500 GaWnT 4 BaTa

DA|SA | L Data FCS

64 - 1518 Gaur

DA — angpeca orpumyBaua

SA — anpeca BiIpaBHUKA

L — nos:xuna

Data — none manux

FCS — KoHTpoJIbHA MOCITIZIOBHICTh KaAPY

Pucynok 4.24 - ®opmart kaapy Raw 802.3/Novell 802.3

Ethernet DIX / Ethernet Il (puc. 4.25)

6 BanT 6 BanT 2 GanTa 46 - 1500 6anT 4 GanTa
| | SA| T | Data |FCS |
| 64 - 1518 Gant \l
=< -

DA — anpeca orpumyBaua

SA — anpeca BianpaBHHKa

T — tin

Data — nosne manux

FCS — koHTpobHA OCIITOBHICTD KaApy

Pucynox 4.25 - ®opmar kaapy Ethernet DIX

T — Tin; BUKOPUCTOBYETHCS AJIA THX e 1iiel, mo 1 nojas DSAP, SSAP kaapy
LLC (Bu3Hauae THUN MPOTOKOJY BEPXHBOTO PIBHS, IO BKJAB CBIl MakeT B IOJIC
JaHUX KaJIpy).

€ mnepmmM ictopuyHuM ¢opmarom Ethernet-kamgpy 1 g0 cux Tip

BUKOpUCTOBY€ETHCA B UNIX-cucremax.

Ethernet SNAP (puc. 4.26)
JIns yCcyHEeHHsI Pi3HOOOK0 B KOJYBaHHSIX THIIB TMPOTOKOJIB, TMaKETH SKUX
BKJIazeH1 B nosie ganux Ethernet-kaapy, komiteT 802 po3po6uB kajap Ethernet SNAP

(IPOTOKOJI OCTYITY 110 MAMEPEK).
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HNanuit kanp saBisie coboto posmupeHHs kaapy 802.3/LLC 3a paxyHOK

BBEJCHHSA JIOAATKOBOI'O 3aroJIOBKY MpoTokoiy SNAP.

6 balit 6 GanT 2 Galita 1 GanTt 1 Gait 1 Gaidt 3 Galita 2 Gaiita 46 - 1492 GaiT 4 Galita
IDAJSA | L |DSAP|[SSAP[Control[OUI| L | Data |FCS]|
-
3aronoeok LLC 3aronosok SNAP

64 - 1518 Bawt

DA — angpeca orpumyBaua

SA — anpeca BiIpaBHUKA

L — nos:xxuna

DSAP anpeca Touku q0cTymmy npu3HauYeHHs
SSAP anpeca Touku A0CTyMy JKEpesa

Control — mone kepyBaHHA

OUI - opranizamiifHO-yHIKQJIbHUH 11eHTH)IKATOD
Data — mosne ganux

Padding — mose 3anoBHEHHS

FCS — koHTpoibHa MOCHITOBHICTD KaAPYy

Pucynox 4.26 - ®opmar kaapy Ethernet SNAP

[Tone T — Tunm; ckimagaeTbcss 3 JBOX OalTIiB 1 MOBTOpIOE Mo (opmary i
npusHayeHHto noje "tun" kaapy Ethernet II (MicTuTh KOJ MPOTOKOTY BEPXHBOTO
piBHS).

[Tone OUI — opranizamiiHO-yHIKQJIbHUN  17eHTU(DIKATOP; BU3HAYAE
1AeHTU(IKaTOp  OpraHizaiii, [0  BCTAHOBJIIE  KOAUM  NOPOTOKONIB, IO
BUKOPUCTOBYIOTHCS B 1ol "tun" (s komitety 802 OUI = 0).

[Iporokon SNAP sBnse coboro Bkiaaennit B LLC mpotokon. Tomy B kaapi
Ethernet SNAP B nosis DSAP u SSAP BiH 3anucye kog OxAA.

[Tone xepyBanHsa BcTaHOBIIOETHCA B 0x03, 1m0 BiJMOBIJA€ BHUKOPUCTAHHIO
HEHyMEpOBaHMX KaJpiB. Tak sik 3aroioBok SNAP € JOMOBHEHHSIM JI0 3aroJIOBKY
LLC, BiH mpumycTUMUW 1 B 1HIIMX TexHoJorisx cranpapty 802 (802.5, 802.12) 1

texuouorii FDDI.
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[Tone L/T mepexuum obnamHaHHSIM He 00poOseThes. 1le mome o6pobaseThes
IIPOTOKOJIAMHU BEPXHBOTO PiBHsI. BCTaHOBJICHHS IIbOTO ITOJISI BAKOHYETHCS IpaiiBEpOM

MepexxHoro intepgericy NDIS.
HpuHuun podoru nporoxkosay 802.3

Tak sk mepexa, 1Mo nodyaoBaHa Ha 0a3l peanizoBaHoro B npoTtokoni 802.3
merony MJIKH/BK, € piBHOpaHTOBOIO, TO BCi BY3/IM HAMararOThCS 3aXOIMUTH KaHAI
KOJIM B HUX HasBHI JaHi JuIs nepenadi. KoHQIKTH MOXKIUBI TOMA1, KOJIU JBa 1 OUIBII
BY3JIIB MIPAKTUYHO OJHOYACHO HAMAararoThbCsl HaJICIaTH Kaap 0 KaHaly. B npomy
BUIIAJIKY B KaHal B1I0YBa€ThCS HAKIIA/ICHHS 1 31ICYBaHHS CUTHAIIIB — KOJI31sl.

OCHOBHUM MapaMeTpoM, II0 XapakTepusye edeKT KoJi3ii, € BIKHO KOJI3il —
MOJBOEHUW IHTEpPBaJ Yacy, HEOOXIAHUN I PO3MOBCIOJKEHHS EJIEKTPUYHOIO
CUTHAITy TI0O KaHally M1 JBOMa HaWOUIbII BIJJAJICHUMH By3jiamMu. BBaxkaeTbcs, 110
3a IIeil yac CUTHajl BiJ OJHOrO By3jJa IMOBMHEH JICTaTHCh HNpUiOMOIIepenaBaya
IHIIOTO BY3J1a, JI€ BUHUKHE KOJII31SA 1 31MCOBAaHUM KOJI31€I0 CUTHAJ MOBEPHETHCS
Hazaj. [{ro BenuuuHy 11e Ha3uBalOTh YaCOM MOJIBIiTHOTO 00epTy, a00 YacoM KaHay.

Po3mip BikHa komi3ii B ctanaapti 802.3 ckiamae 512 6iT-TaiiMiB, ae O1T-TaiiM —
TpUBAJICTh 0j1HOTO 01Ty (1 OiT-Takim = 100 He, mpu mwBHAKocTi 10 MOiT/c; 1 GiT-Taiim
= 10 ue, mpu mBuaKocTi 100 MGiT/c).

3 po3MmipoM BIKHa KOJI3li TOB'I3aHE HACTYHE OCHOBHE IPABUIIO
MPOEKTYBaHHS po3AlLTIoeMUX (HekomyToBaHux) Ethernet-mepex: Haliripiiie 3HaUCHHS
Yyacy 3aTpUMKH CHTHAIYy B KaHall HE TMOBHMHHE TEPEBUIyBATH MOJOBUHU 3HAYEHHS
yacy KaHaiy.

3 BIKHOM KOJI131i moB's13aHi 11ie 1Ba mapametpu Ethernet-mepexi:

— MiHIMaJgbHUM po3mip Kaapy (512 6iT = 64 Gaiith);
— MAaKCHUMaJIbHUU J1aMeTp Mepexi (MakcuMallbHa BIACTaHb MIXK JBOMa
HAWOUIBII BII/TAJICHUMU BY3JIaMu ).
JiameTp Mepexi MOBHHEH OyTH JOCTaTHHO MAJIUM, 100 CHUTHAJ MIT BUUTH 3

piBast MAC oaHoro By3na, Aiiitu 10 piBHs MAC HailOuIblI BIJAQIEHOTO By3ia, 1, Y
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BUMAJKy BUHHKHEHHS KOJI31l Ha BIAJAJICHOMY BY3Ji, 31[ICOBAaHUN KOJMIZIEI0 Kajip
MOBUHEH TMOBEPHYTHCS Ha3aj, BIOPOJOBXK dYacy KaHamy abo BikHa koumisii. Komizis
NPU3BOJUTH 10 IOMHUJIOK B MEpEeXl 1 JO 3HUXKEHHS €(EKTUBHOI MPOIYCKHOI
CIIPOMOXKHOCTI (X04a 1 € HOpMaJIBHUM SIBUIIEM TSI TAHOTO METOIY POOOTH).

O6poOka ko3l peani3yeTbCs Ha PIBHI 00'€KTY KepyBaHHS JTOCTYIIOM O
CEpellOBHUIIA, MIJISXOM IEepepUBaHHS Mepeaadl KaJapy Biapasy ke MICis BUSBICHHS
komi3ii. [Ipu 1pomMy 00'€eKT AOCTYIy A0 KaHaJy Ha Mepenaloyiil CTOpOHI1 MoMidae
HaKJIQJICHHS CUTHAJIB B KaHaial (B BUIJIAAI aHOMaJbHUX PIBHIB HaINpyrH) 1
BCTAHOBIIIOE JUIS 00'€KTIB KEPYBaHHS JOCTYIIOM JI0 CEPEIOBUIIA CIIeiadbHII CUTHAI
BUSIBJICHHS KoJi3ii. J{ig oOpoOku Komi3ii 00'€KT KepyBaHHS JOCTYIIOM /IO CEPEau
BUKOHYE JIB1 (DYHKITI:

1. Ilincumoe edekT Koii3li B KaHajil MUIAXOM BIANPABIEHHS CHEL1aJbHOI
MOCJIIIOBHOCTI O1TiB, 1110 Ha3uBaeThes "3aTopoM"” (Jam). Llinb 3aTopy momsirae
B TOMY, 1100 3pOOMTH KOJII3110 HACTIILKH TPHUBAJIO0, 00 i1 3MOIJIM BUSBUTH
BCl BY3JH, 3ailydeHi 10 Kojizii. Curnan 3atopy 32 — 48 Oaiit. HuxHs Mexa
3aTopy oOMexeHa TUM, 100 KOJIi3110 TapaHTOBAHO BUSBWIIM BC1 BY3JIH, BEPXHS
Mexa — 00 BY3JIM MOMWJIKOBO HE NMPHUUHSUIM HOro 3a aiiicHuil kaap. bBynb-
SKUW Kaap, IO Mae JOBKHUHY MEHITy 3a 64 OaiiT, BBaKaeThcs (parMEeHTOM
31IICOBAHOTO KOJII31€I0 KA/IPY 1 BIAKUIAAETHCS MPUMMAIOYMMU By3JIaMHu.

2. Ilicna BiANpaBiICHHS CUTHANYy 3aTopy OO'€KT KepyBaHHsI JOCTYIIOM JI0
CepelloBHUIla TIEpEepUBa€E Tepeaavy, TeHepye BUMAIKOBUNM Yac OYIKYBaHHS 1
poOuTh HOBY crnpoOy BUKOHATH mepenady kanpy. llepepuBanHs mnepenadi
KaJIpiB 3MeHIIye e(eKT KOi3li, a TeHepallisi BUMAJKOBOTO Yacy OYiKyBaHHS €
JIESIKO0 TapaHTIEI0 TOTO, M0 KOJi31s He BUHUKHE 3HOBY.

S0 By30J1 nepeaaB OCTaHHIM OIT Kajpy 1 HE BUSIBUB NP LIbOMY KOJIi31i, BIH
BBa)XKa€, MO0 KaJp TEPEelaHo YCmNHO. KMo JiaMeTp Mepexi MepeBHUIlye
MPUITYCTUME 3HAYCHHS, TO B MEPEXK1 BUHUKAIOTh MPOMYIIeH1 Komi3ii (3a 512 OiT-taiim
31MICOBAaHUI KOJI31€10 CUTHAJ HE BCTUT MOBEPHYTHUCS IO By3ja-BIANpaBHUKA 1 BiH
BBa)Kae, IO IMepefada Kajapy MPOHIUIa YCHIIMHO 1 poOuth crpoly mnepenaru

HacTynHUil kajap). [Ipy BUHHUKHEHH! MPOIMYHIEHOI KOJI3li TaKy CHUTyalilo OyayTh
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00poONIATH MPOTOKOIM BEPXHIX PIBHIB, OJHAK MPU IIbOMY CYTTEBO 30UIBIIYETHCA
KUTBKICTh TIOMUJIOK TE€peAadl 1 3HIKYETbCS €(PEKTUBHA MPOITyCKHA CIPOMOKHICTH
Mepexl.

B npuitmatounx By3iax 3iMCOBaHI KOJI31€l0 CUTHAIN JEKOAYIOTHCS (Hi3UUHUM
piBHEM, (parMeHTH 3allydeHUX JO0 KOJJI3li KaJpiB PO3MI3HAIOTHCA 00'€KTOM
KEepyBaHHS JIOCTYIIOM J0 cepenu (MpuiiMaroda CTOpoHA) K HeIIMCHI kaapu. PiBeHb
MAC By3na Oyne BigkuaaTé Oyab-aKHil Kajap, 1o:

— Mae po3Mip < 64 Gailt;
— Mae HeNpaBUIIbHY KOHTPOJIbHY CYMY;
— 10 JOB)XHWHI HE CKJIaJA€ IIJIE YHUCIIO OKTETIB.

Ax B cneumdikamii Ethernet, Tak 1 B crangapti 802.3 BUKOpUCTOBY€eThCS |-
HANOJIETJIMBUN METOJ| 3aXOIUIeHH KaHaiy. [licis Bpasoi BiAnpaBKHU Kajapy piBEHb
MAC nepenarodoro By3jia IMOBHUHEH ITOYEKATH JESIKUNA MPOMDKOK 4Yacy Tepen
BIJIIPABKOIO HACTYMHOIo Kajapy. Lleil yacoBuii IHTEpBal HA3UBAETHCS MIKIIAKETHOIO
nriuHoto (IPG). Moro BenmunHa cKianae 9,6 Mkc gaa 10 Mo6it/c 1 0,96 mxc giaa 100

Moit/c.

Tabnuus 4.2 - [opiBHsIIBHI XapakTepucTuku npoTokoiiB Ethernet 1 802.3

XapakTepUCTUKH Ethernet 802.3
1. Tomousoris [IInHa IIMHA, 31pKa
2. Cepenosuie nepenadi | KK KK, BII, BOK
3. Meron nocryny MJIKH/BK MJIKH/BK
4. Tun xaapy Ethernet DIX bynp-skuit

Meton MJIKH/BK noctaTHbO e(peKTUBHUN TIIBKM B YMOBaX HH3BKOTO
HaBaHTAKEHHA KaHaiy (MeHil, Hix 30%) 1 HeBenukoi KibkocTi By3diB (10 - 12) Ha
3arajJpHOMY KaHaii mepenadi. [Ipu OutblioMy HaBaHTa)KEHHI KaHaly €()EeKTHUBHICTDH
IIOTO METOAY CTPIMKO 3HMKYETHCS (32 paXyHOK 30UIBIIICHHS YHCIIa KOJII31i) 1 OLIbIII
MPOJYKTUBHUMH B TaKOMY pa3i OyAyTh JE€TEpPMIHOBaHI METOAU JOCTYIY (MapKEpHi)
abo Tak 3BaHMii KomyToBaHui  Ethernet (komum B SKOCTI IEHTpaJbHUX BY3JIB

BUKOPHUCTOBYIOTh KOMYTAaTOPH).
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[Iporoxon crannapty 802.3 € moganbIMM po3BUTKOM npoTokony Ethernet, 1 ix

3a3BUYail OTOTOKHIOIOTH. TUM HE MEHII HasBHI JIESKi BIIMIHHOCTI B IIMX MTPOTOKOIAX

(Tabi. 4.2).

4.4.3. IIpioputeTHe MapkepHe Kijbue (cranaapt 802.5)

[Ip — 3HaueHHs NPIOPUTETY By3I1a
P — mose npiopurety
R — none pesepByBanHs
Mp=2  F — npanopenp Mapkepy (3aiHATHN/BIIbHMI)

A, B, C, D, E — By3nu

Pucynok 4.27 - Ilepenada Mapkepy Mo KiIbI[to

Hexait By3onm A 3axonuB 3arajibHUi KaHas i niepefadi gaHux. Lled By3on
BCTAHOBIIIOE Tipamnopells F B onunuirio ("Mapkep 3aiHITHIl"), T0Aa€ 10 MapKepy Kajp
3 TaHWMH 1 BiAmpaBiisie oro B kiiblie (puc. 4.27). Mapkep nocsrae By3na B, 1, axmio
B HBOTO € JaHl JJIA Tepeaadi, BiH 3alUCy€ BJIACHE 3HAYCHHS IMPIOPUTETY B IIOJIC
pe3epBYyBaHHA MapKkepy 1 BIAIpaBisie Mapkep 3 JaHUMH Aami B Kuible. Bysom C
aHai3ye 3HAYCHHS B TIOJII PE3EepPBYBAHHA 1, TaK SK HOTO MPIOPUTET OLIBIINI 3a
3HAYCHHS B IIbOMY ITOJTi, BIH 3aIMIIE Ty BJaCHE 3HAYCHHS NPIOPUTETY, MPU [IBOMY
3armaM'aTOBYIOUH B cebe cTape 3HaueHHsA. By3on D mpoananizye mone pe3epByBaHHs,
BU3HAYHTH, 1110 3HAYCHHS B IIbOMY IIOJII BHUIIE 3a MOTO 3HA4YEHHS MPIOpUTETY, 1 0e3
3MiH BIANPAaBUTH MAapKep Aalli B Kuiblie. Y By3na E 3HaueHHs npiopuTeTy CriBHaaae
31 3HAYEHHSM B TOJI1 PE3€PBYBaHHS, TOMY BiH 0€3 3MiH BIAMPABUTH MapKep 3 JaHUMU
B Kulblle. TakuM YMHOM MapKep BHKOHAae€ MOBHUU o00epT. CTaHIisS-OTpUMYyBau

MOBMHHA TMOMITUTU KaJp MpamnopueM '"mpounTaHuil" (yCHIIIHUA TpUioM Kaapy).
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Konu Mapkep 3 naHuMU JOCSITHE By3/ia-BiAnpaBHUKA (A), 1Iei By30JI BUAAIATH KaJp,
NepenuIe 3HaueHHs IPIOPUTETY 3 TOJsl pe3epByBaHHs B moJie mpiopurery (R=3 —
P), momituth Mapkep npanopiiem "ButbHHI" (F=0) 1 BiqmpaBuTh BUTBHHUI KaJap J1aji B
kipile. OTpuMaBIIM BUTBHIN Kajp, By30Jd B aHamizye mose npiopuTeTy i, Tak K HOro
NpIOpUTET MEHIIUN 3a 3HAYEHHS B I[bOMY IOJi, BIH HE MOXKE 3aXOMUTH MapKep 1
BUKOHATH nepenavy nanux. Lleit By30:1 Moske 3anmucaTi B 1oJjie pe3epByBaHHS BJIACHE
3HA4YEHHS MPIOPUTETY 1 BIAMPABUTH BUIBHUN MapKep Aalli B Kuble. Tak sk mpioputer
By3na C criBnajae 31 3HAYEHHSIM B T0JI1 PIOPUTETY MapKePy, BIH 3aXOILIIOE MapKep,
noMivae MHoro mnpamnopueM "3aHsATUH", Ao0Ja€ 0 MapKepy BIacHUM Kaap 1
BIIMPABIIsiE MapKep 3 JaHUMHU B Kuiblle. [lani Bci mpoieaypy MOBTOPIOIOTHCA. JlJis
TOTO, 100 HU3BKOMPIOPUTETHI BY3JIM 3MOTJIM BHKOHATH IMepeaady MpU BUCOKIN
IHTEHCUBHOCTI Tpa(iKy BUCOKONPIOPUTETHUX BY3iB, HA KOKHOMY BY3JIl MICTUTBCS
creriagbHul TaiiMep. SIKIIO NepeBUIleHe IPaHUYHE 3HAYCHHS, [0 BUMIPIOETHCS 3
MOMEHTY 3alluCy HHU3bKOTO 3HAa4YeHHs MploputeTy B Oydep By3na, TO BY30I,
3BUIBHUBIIN MapKep, MOBHHEH 3alHCcaTd B TOJE MPIOPUTETY 3HAYEHHS 3 BIACHOTO
Oydepy, TOHIKYIOUM TaKMM YHWHOM TMPIOPUTET BUIbHOTO Mapkepy. lle nae
MO>KJIMBICTh HU3bKOTIPIOPUTETHOMY BY3J1y BUKOHATH TIepeady.

Crannapt 802.5 nependayae BukopuctanHs 3 ¢hopMariB MapKepiB 1 KaapiB 3
nanumu (puc. 4.28).

dopmaT Mapkepy CKIQJarOThCs 3 TPbOX MOJIIB: MOYATKOBOTO 1 KIHIIEBOT'O
PO3AUTHHUKIB 1 TIOJI KEPYBaHHS JOCTYMOM. PO3MITPHUKM BKa3ylOTh Ha TOYATOK 1
KiHelb moBiioMJieHHs. [lone kepyBaHHsS OCTYNOM MICTUTH BiciM OITIB: TpU MJiA
IHAMKaLIl MPIOPUTETY, TPU Uil 1HAMKALli pe3epByBaHHA, T-0iT mapkepy (T=0 —
BUTbHUIN Mapkep, T=1 — mapkep 3 naHuMu); M-01T BUKOPUCTOBYETHCS CIICIIAIbHUM
MOHITOPUHTOBUM BY3JIOM 3 UL BHUSABJICHHS 1 YCYHEHHS JICAKHX IOMIJIKOBUX
CUTYaIIi.

Mapxkep aBapiitHOTO 3aBepIIIeHHS MOKe OyTH HaIiCIaHU B Oy Ab-SIKU MOMEHT
JUTS TIEpEpUBaHHS MOTIEPEAHBOI TTepe1adi.

[Tone xepyBaHHS KaJpoM B MapKepi 3 JaHUMHU BKa3ye Ha TUIl Kaapy (Kaap

nigpiBus MAC abo LLC) 1 Moke BHUKOPUCTOBYBATHCS HJisi PO3MOJAUICHHS
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OPIOPUTETIB MK BKa3aHUMHU MIJIPIBHAMU KaHAJIBHOTO PIBHA. AJpecHl Mo
11eHTU(PIKYIOTh OTpUMyBada 1 BiampaBHuka (Mictate MAC-aapecu). [lone manux
MICTUTh IAaKET IMPOTOKOJIy BEPXHBOro piBHA. lloje KOHTPOIBHOI MOCIHITOBHOCTI
kaapy (KIIK) BukopucTOByeThCs ISl BUSIBICHHS MOMIJIOK TIEpeaadl 3a JTOTIOMOTOI0
CRC. Ilone crany Kaapy BHUKOPUCTOBYETbCA [UJIsl 1AeHTU(IKAIIT TOTO, IO

pUiMarYuil By30J1 OTpUMaB KaJip 1 CKomitoBaB 1H(OpMAIIiiO 3 MOJd JaHUX B CBIM

oydep.

1 GaliT 1 GaiT 1 GaliT

MNoYaTkOEMA | KepyEaHHA KiHLE B Wi
a) POERNEHAE LOCTYIOM POENEHKE

a) MapKe
S ) Mapkep
[PIP[P|TIMR|R[R]
1 GalT 1 Galt

£ | MoYaTROE K KiHLE B MIA
b0 NEHEE 0 NEHE

6) mapKep aBapiiHOro 3aBeplLUeHHsA

Ma4aThOBKA | KepyeadHa | FERyBaHHa  |[Afpeca [ agpeca i [ Kiugewi CTaH
|F'C'3.'J.lﬂle'1K p,u:%\;ynu:um KaLpan NEMIHAYEHH A BiﬂﬂpaBHMKa AaHi KK pu:uelf;"l,eianMK Kagpy

| 32 - 16000 Gt (4 KiaiTu) N

B)

Pucynok 4.28 - ®opmar mapkepy (a,0) 1 kaapy AaHuX (B)

B cranpapti 802.5 Takoxx mnependadeHi OAATKOBI MOXJIMBOCTI KEPYBAHHS
poOOTOI0 KUIBISL 1 OOpPOOKM TOMMJIKOBHX CHTYyalii. s 1mporo MoxyTh OyTH

BUKOPHUCTaHI JJOJIaTKOB1 KEPYIOUi MOJIS.
OcobsuBocTi MapkepHoro Kuibus ¢pipmu IBM

IBM po3pobunia BiacHy JokalibHy Mepexy (cnenudikaiis IBM Token Ring),
sKa 3 HEBEJMKUMU 3MiHaMM OyJla MOKJIajieHa B OCHOBY cTtanaapty 802.5

®opwmar kaapy IBM Token Ring mae nactynuuit Burinsg (puc. 4.29).

[Tone ¢gi3uuHOrO KEpyBaHHA BIANOBIAAE MO0 KEPYBAHHS IOCTYIIOM B MapKepi
802.5. Jlns migTpuMaHHS IUTICHOCTI MEpexi B MapkepHomy Kinbili IBM 3aBxau
BUKOPHCTOBYETbCS MOHITOPMHTOBUN BY30JI, IIO aHajii3ye OIT MOHITOPUHTY B MOJI

(G13MYHOTO KEpYyBaHHS.
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MovaTkopuit | isidHe Aapeca Aneca . Kiug B iz
cosgner | kepyeara | npvoraenes sigmpaswes | PPH KK D osmnen | vepysans

(i 58 PONGEOK , Bis4HIH %BOCTOBMK

-

KIIK — koHTpOJbHA MTOCITIIOBHICTH Kaapy

Pucynok 4.29 - ®oppwmar kanpy IBM Token Ring

[Ipn npoxomkeHHI MapKepy 3 JaHUMHM 4Ye€pe3 MOHITOPUHTOBHUWA BY30J BIH
BCTAHOBUTb MOHITOPMHIOBUN OIT B oguHuito. Komu Mapkep 3 JaHUMH 3pOOUTH
MOBHUM 00€PT MO KIJIBI[IO, BY30J1-BIIIPABHUK MIOBUHEH 3BUILHUTH MapKep 3 JaHUMHU 1
CKUHYTH MOHITOPHUHIOBUK OIT B HyJb. SKIIO BY30J-BIANPAaBHUK HE 3BUIBHUTH
Mapkep (HampuKJIaJ, BY30J HE ICHYE), MapKkep 3 JaHUMU 3HOBY JIOCSITa€
MOHITOPUHIOBOrO By3ia. Toil mpoaHanizye MOHITOPUHTOBHM OIT 1, Tak SK TaMm
OJIMHUIS, BIH MOBUHEH BUIAIUTH KaJp 3 JAaHUMHU 3 MEPEXi 1 3reHepyBaTH BUIbHUN
Mapkep. KpiM 1bOro MOHITOPMHTOBHI BY30J OOpOOsiE MOMUIKOBY CHUTYaIlio,
NOB'A3aHy 31 3HUKHEHHSAM MapKepy, BUKOPHUCTOBYIOUM CIELiaIbHUNA Taiimep. SAKio
BIIPOJIOBK 33J]aHOTO Yacy MOHITOPUHTOBHI BY30J1 HE OTPUMAE 3 KUIbIIS BUIBHHM a00
3aHATHI MapKep, BiH 3reHepye HOBUM 1 HAIIIIIJIE MOTO B KIJIBIIE.

IBM mpononye HactynH1 KoHpiryparii JIM.

1. [TocnigoBHE MaricTpaibHE CIIOTYYEHHS.

A B C D

By3nu migkitodeHi oJuH 3a OJHUM 3 OOOB'SI3KOBUM 30€pPEKEHHSIM KUIbIIEBOT
CTPYKTYpPH.

Henonik: ycknagHeHMM TONIIYK HECMPaBHOCTEH 1 JESKI CKIAIHOCTI MpH
pekoHpirypaiiii HocaiJOBHOI MaricTpai.

2. 3'ennanns yepe3 Touku kKoHmeHTparii (TK).
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TK — Touka KOHIIEHTpaIlli,
A, B, C — By3nu.
3. KoM0OiHOBaHMH M1X1/1 — TOUKH KOHIIGHTpAIII] 3B'A3aHi1 3a JOMOMOT0I0 MOCTIB

B ITOCJIJTOBHY MaricTpab.

B B

TK — Touka KOHIIEHTpaIlii.
M — micrT,

A, B — By3in.

Tak sk 103BOJIIETHCA OpraHizallisi MEpexi 3 JEKIJTbKOX MapKEpPHHUX KiJIellb, TO
JUTS TIepefadl JaHUX 3 KUIbLS B KUIbLIE BUKOPUCTOBYETHCS MPUHIIMI MAPUIPYTU3ALIT
BiJITpaBHUKA. MexaHi3M MapiipyTH3ailii BiIpaBHUKA 0a3yeThCS HA BCTaBIll B KaJp
iHdopmartrii mpo MapmpyT npocyHeHHs. [Ipu nboMy MapiipyTHa iHQOpMaIlis MOXKe
dhopmMyBaTUCS 3 BUKOPUCTAHHSIM HACTYITHUX IT1IXO/IIB.

1. KoxxHMil By3071 B MEPEXKI MATPUMYE CBOIO JOKAIBHY MapIIPYTHY TAOIHIIIO,
gKa MICTUTh MapIIpyT OO BY3JIB, 3 SKMUMHU JaHUN By30J1 HAWHOUIbII 1HTEHCHUBHO
OOMIHIOEThCS JaHUMH. L5 TaOIMIs 3aBaHTAXKYETHCS B KaJIp SIK YACTUHA MOJIS IAHUX 1
BUKOPUCTOBYETHCSI TMPOMDKHUMHM MOCTaMU  JUIsl TPUWAHSTTS ~ PIMIEHHS  TIPO
PETPAHCIIALIIO KaJIpy Yepe3 MPOMIXKHI KUTbIIS.

2. Ilepen TiMm, SIK BIATIPABUTH KAJAP B KUIBIIE, BY30J1 HAJCHIIAE 3AUT IO CBOEMY

JIOKaJIbHOMY KiJ'H)I_IIO, H_IO6 BU3HAYNUTH, YU 3HAXOAUTHCA BY30JI-OTpUMYBAY B LIbOMY
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JOKAJIbHOMY KUIbLi. SIKIIO B JIOKadbHOMY KIJIbII BY30J BIICYTHIH, TO BUKOHY€ETHCS
3arajJbHUM 3alUT 4epe3 BCIO Mepexy. BinmoBiae Ha 3amuT Oyae MICTUTH HEOOXITHY
MapuIpyTHY 1H(pOpMaIliio A rnepeaadl Kajapy BiJ BiAIpaBHUKA 10 oTpuMyBaua. Lls
iHpopMaIlisi TOMIILY€EThCA BIANPAaBHUKOM B Kaap 1 OyAe BHUKOPHUCTOBYBATHUCS
MOCTaMHu JUIsl TIEPENpaBJICHHS KaJlpy uepe3 Mepexy (MapuipyTHa iH(popMalis
MICTHTh CITMCOK MOCTIB, SIKi BUKOPHUCTOBYIOThCA I Tepenadi kajapy). Ilepenaroui
BY3JIU MOXXYTh BHKOPHCTOBYBATH YOTHPH OMIlli 11 (HOPMYBaHHS MapIIPyTHHUX
JTUPEKTUB.

1. IIIupokOMOBIEHHSI PiBHS KUIBIIEBOTO CETMEHTY — 3allUT HAJICUJIAETHCS B
ME3KaxX JOKaJbHOTO KIJIbIIA.

2. OOMexeHe HIMPOKOMOBIICHHS — 3allUT HAJCWIAETHCA TUIBKKM OJWH pa3 B
KOKHE KIJIBIIE.

3. I'moGanbHEe MIHUPOKOMOBICHHS — MO MEPEXi PO3MOBCIOKYIOThCS 0arato
KOITIM 3amuTiB, KOKHUH 3 SKUX IOBUHEH 3'SBUTUCS B KOXKHOMY KiJIbIll X0o4a OH
OJTHOTO pasy.

4. JIBoTOUKOBa MapIIpyTH3aIlis — KaJpu MepeaaroThCs Bl By3Jia 0 By3Ja IO
BU3HAUYCHOMY MAapIIPYTY 1 B Mepeiadl MOKYTh OyTH 3a/isiHI TUIbKU BU3HAYEHI MOCTH
1 TPOMIXKHI K1JIBIIEBI CETMEHTH.

Icaye peamizamiss mepesxk IBM Token Ring 31 mBuakoctsamu mnepemaui 4
Mo6it/c, 16 M6iT/c m 100 M0it/c. He3Baxkaroun Ha sIBHI NepeBarv JAaHOi TEXHOJOTIi
(Hacammepe]l, TapaHTOBaHa TMepeaayda KapiB BiJl KOKHOTO BY3IIy BIIPOJIOBXK 33JIaHOTO
IMPOMIKKY 4acy), BOHa He BUTpUMasia KOHKypeHwii 13 100 MOiT/c KOMyTOBaHOIO
Ethernet-mepexero 1 MPOKOTro PO3NOBCIOKEHHS HE OTpUMaa.

B saxocTi cepenu nepenadi moxxe 6ytu Bukopuctana "Buta mapa" STP Type 1

(cnemianizoBanuii kabens IBM), UTP 1 BOJIOKOHHO-ONITUYHUM KaOeJTb.

IMuTanHsa 19 caMonepeBiPKN Ta KOHTPOJIIO 32CBOEHHS 3HAHb

1. BusHauuTy, y sIKiii apXITEKTypl MEpexi yCi By3JIM BUKOHYIOTh OJJHAKOB1 (DyHKIIIT

M0 KEPYBaHHIO JJOCTYTOM JI0 MEPEXkK1 Ta MEPEKHUX PECYPCIB.
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2. BusHauuTy, sIK1 MEpeKi MOKHA BITHECTU JIO OJTHOPAHTOBHX.

3. BuszHauuTy, sIKi MEpexi MOYKHA BIAHECTU J0 KIIEHT-CEPBEPHHUX.

4. BU3HauuTH, CKUIBKU 1€papX1dYHUX PIBHIB Ma€ MOJICNIb B3a€EMO/II€ BIAKPUTHUX CUCTEM
OSI.

5. Buznauutu, Ha sskomy piBHi Mojeni OSI BupinnyroTbest 3aa4i miaTPUMKH
J0JIaTKIB KOPUCTYyBaya.

6. Buznauutu, Ha sikomy piBHI Mojeni OSI BupimnytoTbes 3a1a4i JOTIYHOI afpecarii
MAKEeTIB.

7. Buznauuth, Ha sskomy piBHI Moaeni OSI BupinryroTbes 3aa4i MapupyTu3arii
MAKETIB MO MEPEKI.

8. Buznauurtu, Ha sikomy piBHI Moaeini OSI ¢popmyeTbes kaap.

9. Buznauutu, Ha sskomy piBHI Moaeni OSI BUpilIyIOTbCs 3a7a4l yIpaBIiHHS
IOTOKOM KaJIpiB 10 KaHaIly Iepeaaul.

10. BuzHauutu, Ha sikoMy piBHI Mojeni OS] BUPIITYIOTECS 3a/1a4ul MiAKIIOYEHHS J10
(b13UYHOTO cepeloBUIIa TIepeaayi.

11. Buznauutu, Ha sskoMmy piBHI Mojeni OS] BUPIITYIOTECS 3a/1a4l TIEPETBOPEHHS
KaJIpiB y OITOBY MOCIIJOBHICTb.

12. BuzHauuTH, IKUH 3 pSKUMIB TIepeIadi Ma€ MEXaH13MH BUSIBJICHHS Ta
BUIIPABJICHHS TOMUJIOK TIepeiayi.

13. BusHauuTH, IKUH 3 pEXKUMIB NIepeadl He Ma€ MEXaH13MIB BUSIBIICHHS Ta
BUIIPABJICHHS TOMUJIOK TIepeiayi.

14. Bu3HauuTH, y IKOMY 3 PEKHUMIB epeiadl He BUKOHYEThCSI OOMIH CITy>KOOBOIO
1H(pOopMaIli€ro.

15. BuzHaunTH, y sSIKOMY 3 peKUMIB TIepeiadi BUKOPUCTOBYETHCS KBITYBaHHSI IAHUX.
16. BuzHaunTi, METOM SKOT TPYIM TAPAHTYIOTh Tepenavy JaHUX BiJ KOKHOTO
BYy3JIa Uyepe3 3arajibHuN KaHall.

17. BuzHauuTH, METOU SIKOI1 IPYIM HE TapaHTyIOTh IMepeaayvy JaHUX BiJl KOXKHOTO
BYy3J1a Yepe3 3arajJbHUM KaHall.

18. BusHaunTH, 10 SIKOI TPYMH BIAHOCATHCS METOIU OMHUTY/BHOODY.
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19. Buznauutu, 111 40ro BUKOPUCTOBYIOTh HyMepaIliio KaapiB B METOAAX
ONUTY/BUOODY.

20. Buznauut, 10 sIKOT TPYNH BIJTHOCUTHCSI METO]] KOB3aIOUMX BIKOH.

21. BuzHauuTH, U1l YOTO BUKOPUCTOBYIOTHCS MOCIIJOBHOCTI MPUHOMY Ta
BI/IMPABJICHHS Y METO1 KOB3alIOUHMX BIKOH.

22. BuzHauuTH, 3a JIOMOMOTOI0 SIKOTO MEXaH13My BU3HAYA€ETHCH, 110 KaJp MepeaHo
3 IOMUJIKAMH Y METO/TI KOB3al0UMX BIKOH.

23. Busnauut, Skuii MeTo/1 nepeadavae MOBTOPHY Nepeaady TUIbKU Kapy 3
MOMUJIKOIO.

24. BuzHauuTH, SIKUM METOJI 1epeidayae MOBTOPHY Iepeaady MOMIIKOBOTO Kaapy
Ta yciX KaJpiB, AKi OyJIM MPUUHSTI MiCJIS HbOTO.

25. Bu3zHauuTH, IKUM METOJI OpraHi3allii HOBTOPHOI Nepeaadyl HOMHJIKOBHX KaJIpiB
O11b11I €(h)eKTUBHO BUKOPUCTOBYE KaHAJI IIepeaaul.

26. BuznauuTu, SKuii METOJI OpraHizailii HOBTOPHOI nepeadl MOMUJIKOBUX KaJIpiB
3aj1i€ OUIbIIIEe PECypCiB By3ia.

27. BuzHauuTH, SK1 3 METO1B BIIHOCSITHCA JIO allapaTHUX METOIIB KEPYyBaHHS
KaHaJIOM Mepeaayi.

28. BuszHauuTH, sIK1 3 METO[IB BIJIHOCSTHCS JIO MPOTPAMHUX METO/IIB KEPYBAHHS
KaHaJIOM TIepeiayi.

29.Bu3HAYNTH 10 SIKOT TPYIU BiAHOCUTHCS METO KOHTPOJIIO HECYUOi Ta BUSBIICHHS
KOJII31i.

30. Bu3HauuTH, CKUIBKK BY3J11B OJHOYACHO MOXYTh BECTH NEpe/iayy B 3araJIbHUMA
kanan y meroai MJIKH/BK.

31. Buznauurtu, 3a JOMOMOTOIO SIKOT MPOLIETYypH By30J1 BU3HAYAE, 10 KaHaJ BUIbHUN
y metoai MJIKH/BK.

32. BuzHauuTty, y IKy CTOPOHY BiJ] By3Jia PO3IOBCIOJIKY€ETHCSI CUTHAJ B KaHAN y
meroai M/IKH/BK.

33. BuzHauuTH, K NpuiioMorepeiaBad MEpEKHOTo aJlalTepy BU3HAYA€E, BUIBHUNA YU

3aiiHaTui kanany meroai MJIKH/BK.
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34. Buznauutu, un MmoxxiuBa y Meroai MJIIKH/BK curyaris, konu gexiiabka By3IiB
MPAKTUYHO OJHOYACHO BUKOHYE MEpelavdy JaHUX B 3arajibHUN KaHaT

35. Buznauutu, 1o xapaktepHo ais koiisii y meroai MIAKH/BK.

36. BuzHaunTy, SKUM 4YaCOBUM MapaMeTPOM XapaKTEPU3YEThCS KOMI31d Y METO/I
MJIKH/BK.

37. Buznauutu, sIKi mapaMeTpy BU3HAYAIOTh PO3MIP BIKHA KOJIi311 B METO/I1
MJIKH/BK.

38. JlaTu OIliHKY, SIK 3MIHUTBCS pO3Mip BIKHA KOJI1311 TIPH 30UIBIISHHS MPOTSIKHOCTI
mepexi y meroai MJIKH/BK.

39. JlaTu OIiHKY, SIK 3MIHUTBCSI IMOBIPHICTh BUHUKHEHHSI KOMI31M B METO/I1
MJIKH/BK mnpu 3011bII€HHS TPOTSKHOCTI MEPEKI.

40. BuznauuTy, sika mpoiietypa BuKkopuctoByeThest y meroai MIIKH/BK qis
BU3HAYCHHS KOJI31H.

41. BuzHauuTH, 4d MOXKJIMBE MIOBTOPHE BUHUKHEHHS Koui31i y metoai MJIKH/BK.
42 TlpoananizyBaTu OCOOJIMBOCTI Ta BU3HAYUTH, JI0 SIKO1 TPYIU HAJIEKUTh METO
MapKEepPHOTO KIJIBIIA.

43. Bu3HauuTH, KOJIU By30J Ma€ IPaBO BUKOHATH Ilepeady JaHUX B 3arajlbHUN
KaHaJl B METO/1 «MapKEPHOTO KUJIBIIS.

44. BuzHauuTH, SIKAW By30J1 BUBUIBHSIE MAPKEP B METO1 «MAPKEPHOTO KUTBIIS.

45. BuzHauuty, y sSikuil OiK B1J] By3ja MOLIMPIOETHCSA CUTHAI 10 3araJIbHOMY KaHaly B
METO/I1 «MapKEPHOTO KUITBIIS.

46. BuzHauuTH, KOJIM By30J]1 BIIIPABHUK MA€ MPaBo MOBTOPHO BUKOPUCTATU MapKeEP
JUIsl iepeiadl HACTYIHOTO KaJIpy B METO/II «MapKEPHOTO KiIbIIS.

47. IIpoanainizyBaTi 0COOJIMBOCTI Ta BUSHAYUTH, JIO SKOI TPYIH METOIB HAJIC)KHUTh
METOJI «MAPKEPHOT LIMHWY.

48. BuzHauuTH, SIKWi By30J1 Ma€ MPaBO BUKOHATH Iepeaady KaJapy B 3arajJbHUN
KaHaJ B METO/1 «MapKEPHOT IHUHI.

49. BuzHauuty, y siIkuil OiK BiJ] By3ja pO3MOBCIOXKYETHCSI CUTHAII 10 3araJIbHOMY

KaHAIIy B METOJII «MapKEPHOI IIUHUY.
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50. Buznauutu, siky QyHKIII0 3a0e31edye IpiopuTeTHA CXeMa B MPIOPUTETHUX
MapKEepHUX CHCTEMaXx.

51. Jlatu OIIHKY, Y1 MOXJIMBA CUTYaIlisl Y IPIOPUTETHUX CUCTEMaX, KOJIHU BY30II 3
HU3BKUM MPIOPUTETOM HE 3MOXKE MTPOBECTHU NEpeavy JaHUX MPU BUCOKIH
IHTEHCUBHOCTI BUCOKO MP1OPUTETHOTO Tpadiky.

52. BuzHauuTH, skuil Habip CTaHJAPTIB BU3HAYAE apXITEKTypy Ta npoTokoiu JIOM.
53. Busznauuty, sike nojue kaapy LLC BUKOPUCTOBYETHCS 171l BU3HAYEHHS MOT0O
IPAHUILb.

54. Bu3HauuTH, IKa aJjpeca BUKOPUCTOBYEThCS y Kanpl mpotokony LLC mis
1AeHTU(IKaIl]l BIAIPaBHUKA Ta OJEpKyBaya.

55. BuzHauuTy, KMl METOJ1 yNIPABJIIHHS KaHAJIOM Iepeadyl BAKOPUCTOBYETHCS Y
nporokoni LLC.

56. BuznauuTtu, IKMil METOJT TOBTOPHOT Niepeiayi peanizoBaHo y nporokom LLC.
57. BuzHauuTy, AJi SKUX LUIEH BUKOPHCTOBYETHCS MOJIE «IIpeamOyia» B Kaapi
cranaapry 802.3.

58. BuznauuTu, sika ajipeca BUKOPUCTOBYETHCS Y Kazpi ctanaapty 802.3.

59. BuzHauuTH, JU1sl SIKUX 1IJIEH BUKOPUCTOBYETHCS MOJIE «IIOYATKOBUM PO3IITIBHUK
B Kajpi ctanaapry 802.3.

60. Buznauutu, Ky 1oBXKUHY Mae (izudHa aapeca B ctangapti 802.3.

61. Buznauutu, sike nose ¢izuyHoi aapecu cranaapty 802.3 Bkazye Ha Te, IO
azpeca € IUPOKOMOBHOIO.

62. Buznauutu, sike nosie ¢izuyHoi aapecu cranaapty 802.3 Bkazye Ha Te, 1110
azipeca HaJeKUTh KOHKPETHOMY MEPEKHOMY aJanTepy.

63. Buznauntu, sike nosne ¢i3udHoi aapecu cranaapty 802.3 Bkasye Ha Te, IO
ajJipeca HaJjaHa MEPEKHOMY aJlanTepy BUPOOHUKOM.

64. Buznauntu, sike nojne ¢i3udHoi aapecu cranaapty 802.3 Bkasye Ha Te, IO
aJpeca HaJjaHa MEPEKHOMY aJlalTepy KOPUCTYBAYEM.

65. Buznauutu, ki noJist pizuyHoi agpecu cranaapty 802.3 BuctaBieHl y «1» B

ITUPOKOMOBHIM ajipeci.
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5. CTPYKTYPA CTEKY ITPOTOKOJIIB TCP/IP

Crex TCP/IP, sixuii ogepskaB cBOIO Ha3By 3 monyssipHux npotokois [P ta TCP,
OyB po3poOrnenwuii 3a iHiniatuBoo MinictepctBa oboponn CHIA 6impiie 20 pokis
Hazax s 3B'A3Ky eKkcnepuMmeHTanbHOi Mepexki ARPAnet 3 iHmmM#M mepexamu.
Benmukuit BHecok y po3Butok crteka TCP/IP  BkmaB yHiBepcuteT bepkii,
peanizyBaBm npoTokonu cteka B cBoiil Bepcii OC UNIX. TlomynspHicTs mi€i
oTepaliiHoi CUCTEMH IMPU3BENa J0 IIHUPOKOTO PO3MOBCIOKEeHHS poTokoniB TCP,
IP 1 1HIIMX MPOTOKOJIIB CTEKA.

Crex TCP/IP npeactasisie coO0K0 OJMH 3 HAUMOMIMPEHIIINX CTEKIB MPOTOKOJIIB
obuncmooBanpHux Mepex [O: 2, 5, 6, 7; 1: 9, 10]. V creky TCP/IP Bu3znaueHni 4
piBHI:

- piBeHb MepexxHux iHTepdeiiciB (piBHi 1 12 moaeni OSI);

- MEpeXHUM piBeHb a00 [HTepHeT-piBeHb (piBeHb 3 Mozaem OSI);

- TPAHCIIOPTHU piBEHb a00 OCHOBHUM piBeHb (piBHI 4 1 5 Mmozaem OSI);

- IpUKJIaTHU# piBeHb (piBHI 6 1 7 momemni OSI).

5.1. Xapakrepucrtuka piBHiB cteky TCP/IP

PiBenb Mepe:kHHMX iHTepdeiiciB

OcHoBHOIO BiAMiHHICTIO apxiTekTypu cteka TCP/IP Big OGararopiBHeBOi
oprasizauii 1HIIMX CTEKIB € IHTepnpeTauis (QYHKIIH HaWHUKYOrO PiBHA — PIBHA
MepexxHUX 1HTepdeiiciB. IIpoTokonn 1UpOro piBHA TMOBHHHI 3a0e3MedyBaTu
IHTErpalliio B OYb-KYy MEPEKY HE3aJIC)KHO BiJl MPOTOKOJIIB KAHAJIILHOTO PIBHS, SKi B
H1li BUKOPUCTOBYIOTBCHA.

3amauy 3abesneueHHs iHTepdeiicy Mk crekoMm mpotokoiiB TCP/IP i Oynab-
SKUMU THITUMHU TIPOTOKOJIAMH TIepeadi TaHUX KaHAJTBHOTO PIBHS MOXHA 3BECTH JI0:

® BH3HAYEHHS cOcOo0y ymakoBKH (iHKamncymsuii) [P-makety B OQUHUIIO JaHUX

IIPOMIXKHOT MEPEXI, IO MePeIar0ThCS,
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® BH3HAYCHHS CMOCOOY MEPETBOPECHHS MEPEKHUX aJIPeC B aJAPECH TEXHOJOTI]
JAaHOT TIPOMIKHOT MEPEKI.

PiBenr wmepexnux iHTepdeiiciB B creky TCP/IP peanizoBanuit Habopom
iHTepdeiicHuX 3aco0iB s 1HKANCYJsii [P-1akeTiB B KaJpu TEXHOJIOT1M KaHAJIBHOTO
piBHs. [linTpuMyIOoThCsA BCl MOMYJSpHI CTaHAAPTH (PI3UYHOTO 1 KAHAIBHOTO PIBHIB:
JUIs JTOKaJbHUX Mepex 11ie, Hanpukian, Ethernet, Token Ring, FDDI, Fast Ethernet,
Gigabit Ethernet; mis rioGanbHUX MEpEeX — MPOTOKOIHM 3'€AHAHBL ‘‘TOYKA-TOYKA”
SLIP 1 PPP, npoTokonu TepuUTOpialIbHUX MEPEX 3 KOMYyTalli€ro nakeriB X.25, frame

relay, ATM 1 T.1.

Mepe:xxuuii piBeHb (IHTepHeT-piBeHb)

[Iporokonn wmepexnoro piBas (IP, ICMP, ARP, RARP) niarpumytors
1HTEeppEeiC 3 BHILEPO3MILIEHUM TPAHCIOPTHUM pPIBHEM, OTPUMYIOYM BiJ HBOTO
3allUTU Ha Mepefady JaHuX IO CKJIaJEHId MEepexkl, a TaKOXK 3 HUKYEPO3MIIIEHUM
piBHEM MepexHUX 1HTepdelciB. 3aBaaHHsA pIBHA TNoyirae B 3a0e3NeYeHHI
MO>KJIMBOCTI JUIsl KOSKHOTO BY3Jla TIOCWJIATU B Oy/b-sIKy MEPEKY MakeTu, siki OyayTh
HE3JIEKHO PyXaTHUCS 0 IIYHKTY IPU3HAYEHHS.

Ha MepexHOMYy pIBHI OCHOBHMM IIPOTOKOJIOM € IPOTOKOJI MIXMEPEKHOI
B3aemonii [P (Internet Protocol). OcCHOBHMM 3aBHaHHSM JAaHOTO MPOTOKOIY €
nocraBka I[P-makeriB 10 myHKTIB npusHadeHHs. [Iportokon IP — me nmararpamnwmii
MPOTOKOJ, IO Mpaitoe Oe3 BCTAHOBJIECHHA 3'€lHaHb 33 MPUHIMIIOM JOCTABKU 3

MaKCHMAaJIbHUMHU 3YCHUILIISAMU.

TpancnoprHuii piBenb (OCHOBHUIA piBeHDb)

OCKUIBKHM Ha MEPEKHOMY PIBHI HE BCTAHOBIIIOIOTHCSA 3'€JHAHHS, TO HEMAE HISKOi
rapanTii, [0 BCl MakeTH OyAyThb JOCTABIIEHI B MiCI€ NMPU3HAYEHHS LUIMMH, a00
OpUHIYyTh B TOMY X MOPSAIKY, B AKOMY BOHM Oynu BignpasineHi. Lle 3aBmanHs —
3a0e3MeueHHs HaIMHOTO 1H()OPMAIIIITHOTO 3B'A3KY M1k JBOMA KIHIIEBUMH BY3JIaMH —
BUpIITy€e ocHogrull piseHb cteky TCP/IP, mo Takox 3BeTbcsi mpauncnopmuum. 1o

GyHKIA 1OTO PIBHS BIMHOCHUTBHCS CETMEHTAIlis MOBIJOMIICHb BEPXHIX DPIBHIB JJIS
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NEPECUIIKU 10 MEPEXi, BUKOHAHHS MaTEMaTUYHUX MEPEBIPOK HITICHOCTI MPUHHATHX
JaHUX 1 MyJbTUIUIEKCYBAaHHS MOTOKIB TaHUX (SIK THX, IO MEPeNaloThcs, TaK 1 TAaKUX,
110 MPUHUMAIOTHCS) BiJI IEKUIBKOX MPUKIAAHUX [IPOTpam.

Ha mpomy piBHI icHywoTh nBa npotokond. [lepmmit — TCP (Transmission
Control Protocol — mnpoTokon ynopaBiiHHS TMepeaaydero), SKUA € HaaiiHUM
MPOTOKOJIOM, IO MpAIfO€ B PEKUMI BCTAHOBJIEHHS 3'€THAHHSA 1 Mae 3aco0u s
BUSIBJICHHS 1 BUIIPABJICHHS MOMWJIOK mepeaadi. Lleit mpoTokon mo3Boisie o0'ekTam
OJIHOTO PIBHS Ha KOMI'IOTEPI-BIANPABHUKY 1 KOMII'IOTEPI-0Jep)KyBaydl MIATPUMYBATH
OOMIH JaHUMHU B NYIUIEKCHOMY pexuMi. BiH po30uBa€e BXiJHE MOBIAOMJICHHS Ha
OKpemi OJOKM JaHuX (IAaKeTH) 1 MepeAae iX MEpPEeKHOMY pIBHIO. Y IIYHKTI
npusHaueHHs1 TCP-niporec 30upae 3 oep:kanux OJIOKIB JaHUX BUXITHUN NOTIK. Kpim
toro, TCP wMae 3aco0u ympaBiaiHHS TOTOKOM, IO JIO3BOJISIIOTH YHHKHYTH
NEPEeBAHTAXEHHS OJIEpKyBaya aKeTaMu, 10 MOCTYIA0Th.

Hpyruit npotokon 1poro piBas — UDP (User Datagram Protocol — mpoTokon
JaTarpam KOpUCTYBaua), SKUi € HeHaIITHIM MPOTOKOJIOM, III0 TPAIIO€ B peXUMi 0e3
BCTAHOBJICHHS 3'€JHAHHS, IKUH BUKOPUCTOBYETHCS y TOMY BUIAAKY, KOJU 3aBJIaHHS
HaJIiHOrO OOMIHY JaHWUMHU (IIITBEPKEHHS JAOCTABKH, BUSBIICHHS 1 BUIIPABICHHS
MOMWJIOK Tepenavi) abo B3arajii HE CTaBUThCS, a00 BUPINIYETHCSA 3aco0amMu OLIBIII
BUCOKOTO  piBHSA (IpUKIQAHUM  piBHeM a00 MNPUKIAJHUMU  [porpaMaMu

KOPHUCTYBaya).

Ipuknaauuii piBeHb

[IpuknagHuii piBeHb 00'€enHye BCl CHyKOW, 00 HAAAIOTHCA CHCTEMOIO
npukiaaaauM nporpamam kopuctyBada. Ctexk TCP/IP makonmuumB BeNHWKYy KUTBKICTh
npoTokoJiB 1 ciayx0 npuknagHoro pisusa (FTP, HTTP, DNS, POP3, SMTP, telnet,
Tomo). [Ipuknaaauii piBeHb peali3zy€eThCs MPOTPAMHUMHU CUCTEMaMH, MO0y T0BAaHUMU
M0 apXIiTEKTypl CepBEp-KIIEHTA, 10 0a3ylThCsl HA MPOTOKOJIAX HIKHIX piBHIB. Ha
BIIMIHY BiJ MPOTOKOJIB I1HIIMX TPbOX PIBHIB, NMPOTOKOJH MPHUKIAAHOTO PIBHSA

3a0e3MeuyoTh MATPUMKY KOHKPETHHUX TMPUKIAJHUX TPOrpaM 1 HE 3aJIeKaTh Bij
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croco0iB mepenaui AaHux Mo Mepexi. Lleil piBeHb MOCTIHHO PO3IIUPIOETHCA 32

pPaxyHOK IPUETHAHHS HOBHUX CITYkKO.

5.2. Ocob6auBocTi nporokouy IP

OcnoBy cteky npotokoiiiB TCP/IP ckinanae mpoTokon Mi>KMEPEKHOT B3aEMO/I1T
[P (Internet Protocol). OcHOBHe mpu3HAYEHHS MPOTOKOIY — MepeaBaTH MakeTu MK
Mepexxamu. Y KOXKHIA 4eproBiil Mepexi, sika TpaIiIe€TbCs Ha HUISIXY MEepEeMIIEHHS
nakery, npotokoia [P BuKIMKae 3aco0M AOCTaBKM JAHUX, IPUUHATI B LI Mepexi
(TEXHOJIOT11 KaHAJbHOI'O PiBHS), 00 3 iX JOMOMOIrO MEepeiaTH el MakeT Ha
MapHIpyTH3aTop, IO BEIE O HACTYIMHOI Mepexi, abo Oe3rnocepeHbO Ha BY30JI-
OJIep>KyBady.

[Iporokon IP € mpotokosom MmepexHoro piBHsi creka TCP/IP, sikuit MicTUTB
iH(opMaIiio Tpo aapecamiio 1 ympapisiouy iH(opmaliio IS MaplipyTH3alii
naketiB. [IpoTokosn I[P BUKOHY€ 1B OCHOBHI (DYHKIIII.

1. 3abe3neueHHss mnepedavi jararpaMm 1o OO0'€qHAHIA MeEpexi METOI0M

HETapaHTOBAHOI JOCTABKH B PEKKMMi 0€3 BCTaHOBJICHHS 3'€ THAHHS.

[Tpotokon IP o6pobisie koxkeHn [P-makeT sk He3aneXHY OAMHUINO, 110 HE MAE
3B'SI3KYy HI 3 skuMU 1HIMMH [P-maketamu. ¥ mporokoni IP Hemae mexani3miB, 110
3a3BMYail BUKOPUCTOBYIOTHCSl JJISI 30UIBIICHHS JOCTOBIPHOCTI JOCTAaBKH JIaHUX:
BIJICYTHE KBITYBaHHS (OOMIH MiITBEP/HKECHHSIMHU MIXK BIATIPABHUKOM 1 OJIEP>KyBadYeEM),
HEMae TMpOUEIypH BIOPSAKYBaHHS, MOBTOPHUX Mepeaad ado I1HIUX MOAI0HUX
MEeXaHi3MiB. SIKIIO MiJl Yac MPOCYBaHHS MaKeTy Bia0yiacs sika-HeOyab MOMUIIKA, TO
npotokon I[P Hidoro He poOWTH aJisi BUMpaBJICHHS i€l MOMIJIKK. Bci muTaHHA
3a0€e3MeueHHs] HaJIHHOCTI JIOCTAaBKU JIaHUX IO CKiIajeHi mepexi B cteky TCP/IP
Bupimrye npotokos TCP, mparrorounii 6e3nocepenabo Haj npotokonoM [P. Came
TCP oprani3zoBye MOBTOPHY Nepeaady MakeTiB, KOJU B IbOMY BUHUKAE MOTpeda.

2. 3abe3nedeHHs GparMeHTalli 1 TOBTOPHOT 301pKU Jararpam JJisl MiATPUMKH

KaHaJIB Tepeayl JaHUX 3 PI3HUMH PO3MIpaMH MaKCHMAaJIbHOI OJUHUIII

nepenadi faHux (MTU — Maximum Transfer Unit).
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BaxnuBowo ocobnuBicTio mpoTtokony [P, mo Biapi3Hse #Horo Bix 1HIINX
MEPEKHUX MPOTOKONIB (HAMPUKIAA, Bif MepexxkHoro mnporokony IPX), € iioro
3IaTHICTh BUKOHYBAaTH JIWHAMIUYHYy (parMeHTaIlll0 TAaKeTiB NpH Tepefadl ix Mix
MepeXaMH 3 PI3HUMH, MAaKCUMAJIBHO JOIMyCcTUMUMH 3HaYeHHSIMI MTU.

®dopwmart [P-nakery mae HacTynmHui BUTIISiA (puc. 5.1).

4 bir 4 bir 8 biT 16 BiT
Homep | JoEmuma THn cepBicy JarantHa QoEEHHA
BEpCi | 2aColoBEY FD[T[R[CEE
16 BT 3 BiT 12 Bt
Imentudixatop naxety IIpanopu JMIEHHEA PparMeHTy

b biT b biT

Hac muTTA IIpoToroen Eoutponrra cyma
EEpHHLOT PIEHA

32 BT
IP-agpeca gxepena
32 BT
IP-agpeca opusHaueHEA
32 BT

JnIi Ta EHpIEHICEAHHA

Pucynok 5.1 - @opmar [P-nakery

[TakeT ckinamaeTbes 3 TAKUX MOJIB.

e Homep sepcii xapaktepusye Bepcito [P-nporokony (Hanpukian, 4 abo 6).

o loeéocuna IP-3azonoeka (3azanrvna Ooexcuna). JIOBXHHA 3arojoBKa
nartarpaMd B 32-po3psIHMX CJIOBaxX; 3a3BU4ail 3arojoBok MicTuTh 20 OKTETIB
(HLEN=S).

® Tun cepegicy (ToS — type of service). 3agae noTpiOHUI TPOTOKOJIAM BEPXHBOTO

piBHs criocid 0OpoOKHM MOTOYHOI AaTarpamMu 1 MPUBIIACHIOE JlaTarpamMam pi3Hi CTYIEH1
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BOXJIMBOCTI, XapaKTepU3ylOUuu Te, SIK MOBHHHA oOpobOisTHcs natarpama. Lle mone

JTATHCS Ha 6 cyOmouiB (puc. 5.2).

0 1 2 3 4 5 £ 7
I IIptopuTeT | D | T | E | i | He suxopuctoEyereca

Pucynok 5.2 - CtpykTypa noJist TUI cepBicy

CybOnone “Ilpioputer” HaJae MOMKJIMBICTb MNPUBIACHUTH KOJ HPIOPUTETY
KOXHIM gatarpami. Kog mpioputery Moxke npuiiMatu 3HadyeHHs BiA 0 (3BHYaliHUN
npioputeT) 0 7 (MepexHe ynpabiiHHs). Lle mosne mpusHaueHe Ui 3a0e3neueHHs
aKkocTi o0ciyroByBaHHs (QoS) npu nepenayl gararpamMu.

bitu C, D, T 1 R xapaktepu3yioTh Aesiki BUMOTH O CIOCO0Y JOCTaBKU
natarpamu. Tak D=1 Bumarae MiHIManbHOI 3aTpUMKH, T = 1 — BHCOKY NMPOMYCKHY
3/1aTHICTh, R = 1 — BUCOKy HaliHicTh, a C = 1 — HU3bKY BapTICTb.

[Tose ToS BpaxoByeTbcs IPU MapUIPyTU3aIlil MaKeTiB (TIepenaya MmakeTiB yepes
InTepHet He rapanTye 3anpoiieHoro ToS, ane 6araTo MapHIpyTU3aTOPiB BPaXOBYIOTh
11 3aMIUTU NPU BUOOP1 MapLIpyTy, HAIPUKIIAA, TPU BUKOPUCTaHHI poToKoniB OSPF
1 IGRP).

Tinbku oauH OIT 3 4OTHPHOX B TOS Moke mpuitmaT 3HaueHHs “1”. 3HaueHHs 3a
YMOBYAHHSM JOPIBHIOIOTH HYJISIM.

o cepenunu 90-x pokiB mosie ToS B OUIBIIOCTI peanizailiil irHopyBanocs. Aje
MICJI MOYaTKy po3poOok 3aco0iB 3abe3neueHHs ikocTi o0cimyroByBanHs (QoS) yBara
0 HBOTO 3pocia. 3'aBwiacs mpomosuiliss 3amiau moinie ToS nHa mome DSCP
(Differentiated Services Code Point) — xox Touku audepeHIiaibHOI MOCIYTH, SKE
Takok Mae 8 OiT (puc. 5.3). [Hoal e mone HaszuBaeTbes Oaiitom DS (Differentiated
Services).

bitu CU noku He Bu3HadeHi. bitu DS0-DS5 Bu3HayaioTh celexkTop Kiacy.
3HadeHHs 1[bOTO KOy mpejcTanieHi B Tabmuill 5.1. Crangaptaum 3HauennsM DSCP

3a ymoBuaHHsM € 000000.
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co | o

Pucynok 5.3 - @opmar noass DSCP.

Tabmuns 5.1 - Cymicuicts nmosist DSCP 3 6aittom ToS

[Ipiopurer (Gaiit

ToS) DSCP
[Tpiopurer 1 001000
[Ipiopurer 2 010000
[Ipiopurer 3 011000
[Ipiopurer 4 100000
[Ipiopurer 5 101000
[Ipiopurer 6 110000
[Ipiopurer 7 111000

e 3azanvna 0oexcuna. JloBxuna Bchoro IP-nakery B 0aiiTax, BU3Ha4a€e MOBHY
nosxkuny [P-natarpamu (10 65535 okTeTIB), BKIIOYAIOUH 3ar0JIOBOK 1 JaHI.

o Joenmugpixamop naxkemy. € yHIKaIbHUM KOJOM JlaTarpamu, IO JO3BOJISIE
11eHTU(IKYBATH MPUHATIEKHICTh (DPArMEHTIB 1 BUKJIIOYUTH MOMWIKK TpH "30ipmi”
JaTarpam.

o [Ilpanopu. Tproxpo3psigHe TOJIe, B SIKOMY 2 MOJOJAIIUX OiTa YNpaBlsOTh
dbparmenrariero. Monogmuii 61t (M) Bu3HA4Yae, YU MOXKE TMakKeT OyTU
dbparmentoBanuii (0 — pparmenrariis qo3BojeHa; 1 — 3abopoHeHa), a cepenniit (D)
— YH € MaKeT OCTaHHIM B cepii ¢pparmeHToBaHux nakeriB (0 — octanHii pparment; 1
— cJIij1 yekaTt npojoBxkeHHs). Tpetiii (cTapiuiuii) 01T He BUKOPUCTOBYETHCS.

o 3mimennsn ¢pacmenma. llosuiis naHux QparmMeHTa BIHOCHO TOYATKY
JAaHUX B TIOYATKOBIN Jararpami, 1mo no3Bojisie [P-mporecy mpaBuiIbHO BiTHOBUTH
MIOYaTKOBY JlaTarpamy.

e Yac ymcumma (TTL - time to live). JIUMIBHUK, SKUA TOCTYIOBO
3MEHIIYETHCS IO HYJIS, MICIs YOTO JaTarpama BIAKHAA€TbCS MapIIpyTH3aTOPOM,
1100 YHUKHYTH HECKIHYEHHOT0 LIUKIY Mepeaayl MakKeTiB.
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o Joenmughikamop npomokosy BEPXHBOTO PIBHI. YKa3zye Ha MPOTOKOJ
BEPXHBOTO PIBHS, IO NpUKAMAae BXIiJHI MAKETH TMICIS 3aKiHUEHHS OOpoOKH iX
npotokosiom IP.

o Konmponvna cyma 3a20106Kka. BUKOPUCTOBYETHCS JUIS TTEPEBIPKH ITUTICHOCTI [P-
3aroJIOBKa.

o Aodpeca oxcepena. BusHauae By30JI-BiIIIPABHUK.

e Aopeca odeprcysaua. Buznayae By30JI-IIpuiiMay.

o Ilone onuii i eupienroeanns. Ilone omiii € HEOOOB'SI3KOBUM 1, 3a3BHYAM,
BUKOPUCTOBYETHCS TUIBKUA MPH BIAJAAII Mepexi. MexaHi3M onuiil Hajgae QyHKIii
VOpaBIiHHA, $KI HEOOXiJHI TpH TMEBHUX CHUTyalisX (MOXXHAa BKa3aTH TOYHHMA
MapHipyT TPOXOJKEHHS MaKeTIB, PEECTPYBATH MapIIPyTU3aTOPH, SIKI MPOXOJUTH
NaKeT, MOMILIATH YacoBl MITKHM 1 T.1.) Po3mip mosst onuii 3ajieKuTh BiJl TOTO, SIKI
OMIIii 3aCTOCOBaHi. SIKIIO BHUKOPUCTOBYETHCS JEKUIbKa OIIIIi, BOHU 3aIUCYIOTHCS
nipsa 6e3 OyIb-IKUX po3AUTbHUKIB. KOoXHa omiliss MICTUTh OJJUH OKTET KOJy OIIIIii,
32 SAKUM MOJKE€ CIIJyBaTh OKTET JOBXKHHH 1 C€pisl OKTETIB AaHUX. SIKIIO po3Mmip
3aroyioBka He kpaTHuil 4-m okteraMm (32 6iTaM) BHUKOPHUCTOBYETHCS 3aMOBHIOBAY —

JIOAATKOB1 OITH 3alIOBHIOIOTHCS HYJISIMH.

5.3. Ocobs1uBocTi IP- agpecamii

Tunu aopec cmexa TCP/IP

VY crexky TCP/IP BUKOpPHCTOBYIOTBCSI JIBa THUIM aJpec BY3IiB: (izuyHa (ado,
anapartna) 1 [P-agpeca. Kpim agpecu By3071 MOKe MaTh CUMBOJIBHE TOMEHHE 1M’51.

VY rtepminosorii TCP/IP min ¢pisuunoro aopecorwo po3yMi€TbCcsi TaKWl THTI
aZpecH, sika BUKOPHUCTOBYETHCS 3aco0amMu 0a30BO1 TEXHOJIOTIT JJIsl TOCTABKU JTAHUX
KaHasbHOTO piBHA (Hanmpukian, MAC — anpecu B Texnosorii Ethernet).

IP-adpeca € OCHOBHMM THUIIOM aJIpeCH, Ha MIiJCTaBl SIKOi MEPEXKHUN pIBEHb
nepeiae nakeTyu Mix mepexxamu. [P-anpeca npuzHayaeThCcsl aAMiHICTPATOPOM i Yac
KoH(irypamii komm'torepiB 1 mapmpytuzatopiB. [P-agpeca Bysna mpusHavyaeThes

HE3aJIeKHO BiJ JIOKAJIbHOI aapecu By3na. KiHIEBUM BY30J1 MOXKE HaJleKaTh [0
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nekinbkox IP-mepex. B riboMy Bumaaky By30i moBuHeH Matu Aekiiabka [P-agpec, mo
YUCITYy MEPEX, J0 SKUX BiH HaJeXHUTh. TakuMm dnHOM, [P-ampeca xapakrepusye He
OKpEMHUM KOMITHOTEp a00 MapIIpyTU3aTOP, a HAJIEKHICTh By3Jla KOHKPETHIHN JOT1UHIM
[P-mepexi.

CumeonvHi 0omenni imena

CumBoinbHI iMeHa B [P-mepekax Ha3MBalOThCS JTOMEHHUMH 1 OyAylOThCS 3a
iepapxiyauM npuHunoM. CKIazoBi MOBHOTO CHMBOJIBHOTO iMeHi B IP-mepexax
(FQDN — Fully Qualified Domain Name) po3aiistoThCs Kpamkow 1
NePEepaxoBYIOTHCS B HACTYIMHOMY TMOPSIKY: CHOYATKy MPOCTE iM's KIHIIEBOTO By3Ia
(HOST name — iM’q xocTa) , MOTIM IM'sl TPYyHH BY3JdiB, JO SIKOT HAJEXKHUTh BY30II
(HampuKIIa, iM'st oprasizaiiii), MOTIM 1M'st KPYIIHIIIOl TPYIH, A0 KO HAJEKHUTH 1M 5
oprasizamii 1 Tak 10 IMEHI JOMEHAa CaMOro BHCOKOrO pPIiBHA (HANpUKIA, TOMEHa
o0'eqHyrodoro oprasizamii 3a reorpadgiuaum npuHiunom: UA - Vkpaina).
[IpukiazoM AJOMEHHOTO iIMEHI MOXKE CIYKHTH iM'ss www.kpi.ua, sike 3akpilieHe 3a
BEDB-cepBepoM. /[ BCTaHOBJIEHHSI BIJANOBIJIHOCTI MiX JAOMEHHMM IM'sm 1 [P-
aJpecor0 By3Jia BUKOPUCTOBYIOTH JOJATKOBI Tabmuii abo ciayxOu. Y mepexax
TCP/IP nns BupilleHHs IIi€l 3aJadl BUKOPUCTOBYEThCA CHEllajbHA PO3IMOALICHA
ciayx6a DNS (Domain Name System — cuctema goMeHHHX iMeH). ToMy nOMeHHi

IMEHA Ha3UBArOTh TaKOX DNS-iMeHaMu.

5.3.1. Knacu IP-aapec

[P-anpeca mae noBxuHy 4 0aiiTH 1, 3a3BUYAl, 3aIIUCY€ETHCS Y BUTIISIAL YOTUPHOX
NECATKOBHX YHUCEJ, IO MPEJACTaBISAIOTh 3HAYEHHS KOXKHOro OailTa B JECATKOBIM
dopmi 1 posaineHux Kpamkamu, Hampukiag, 128.10.2.30 - TpanwuiiiiHa JecsTKOBa
dbopma npencrasnenus IP- agpecu (nBiiikoBa opma MpeACTaBICHHS €T K aapecu
mae Burysi 10000000 00001010 00000010 00011110).

AJpeca CKIIQJa€ThCs 3 ABOX JIOTIYHUX YaCTHH - HOMEPH MEPEXi 1 Homepa By3Jja
B Mepexi. SIlka yacThHa ajpecu BIAHOCUTHLCSA O HOMEpa MEPEXi, a ska - 10 HoMepa
By3Jla, BH3HAYA€TbCS, TaK 3BaHOI, Mackow. Macka - 1€ 4YUCIO, SKE

BUKOPHUCTOBYETHCS B mapi 3 [P-aapecoro; 1B1MIKOBUI 3a1TUC MAaCKH MICTUTh OAUHUII B
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TUX po3psaax, ski B [P-ampeci HanexaTh A0 HOMepy Mepexi. OCKUIBKH HOMED
MEpeXi € IITICHOI0 YacTUHOK aJpecH, OJWHHIII B MacCIi TaKOX IOBUHHI
MIPECTABIIATH Oe3MepepPBHY MOCTII0BHICTb.

Yci [P-agpecu nmoaineni Ha 5-Tb knaciB. Ctpykrypa knaciB [P-agpec HaBenena
Ha puc. 5.4. Hanexnicte kKoHKpeTHO1 IP-ampecu kimacy BU3HAYAEThCS 3HAYCHHSIMHU
nepiiux 01T IBIHKOBOTO 3HAYCHHS aJPECH.

Sxuo mepmuit 61T ABIHKOBOTO 3HaUeHHS agpecu «0», To aapecy BIZHOCATH J0
kinacy A. CranpmaptHa macka mepexi kiacy A — 255.0.0.0 (11111111 00000000
00000000 00000000 y nBiiikoBomy Burini). Homep mepexi 3aiiMae oauH Oair,
OCTaHHI 3 O0aillTH IHTEPNPETYIOThCA K HOMEpP By3Ja B Mepexi. B uel aianazon
MOTPAIISIOTh JIECATKOBI 3HaueHHA HOMepiB Mepex Big 0 mo 127. 3 ypaxyBaHHSM
TOro, mo HoMep «0» He BUKOPHCTOBYETHCS, a HOMEpP «127» 3ape3epBoBaHUN IS
CHeIiajIbHuX IIeH, Mepexi Kiacy A MOXYTh MaTH JECSATKOBI HOMEpHU B Jlama3zoHi
Bix 1 1o 126. Mepex kinacy A Hebararo, 3aTe KIJIbKICTh BY3JIiB B HUX MOXKE JIOCSTaTH
2 B 24 ctyneni, Tooto 16 777 216 By3miB.

Axmo mepmi aBa OiTHM ABIMKOBOro 3HaueHHsA anapecu «10», To Mepexa
BilHOCUThCS 110 kiacy B. CranmaptHa macka Mepexi kiacy B — 255.255.0.0
(11111111 11111111 00000000 00000000 y nmBifikoBoMy Bursmi). B mMepexax
kiacy B mig HoMep mepexi 1 mijg HOMep By3la BIABOAUTHCS mo 2 Oaitu. Takum
YUHOM, Mepexa Kiacy B € Mmepexero cepelHiX po3MipiB 3 MaKCUMaJIbHUM YHUCIOM
By31iB 2 B 16 cTyneHi, mo ckiagae 65 536 By3iB.

Sxmo mepmri Tpu OiTH JBiMiKOBOro 3HaueHHs ajapecu «110», To 1e mepexa
kiacy C. CranmaptHa Macka mepexi kinacy C — 255.255.255.0 (11111111 11111111
11111111 00000000 y mBitikoBoMy Burisiai). B oMy BUNaAKy mijg HOMEp Mepexi
BIIBOAUTHCS 3 OailTH, a mijg HOMep By3na - 1 GaiT. Mepexi boro Kjiacy HaOiIbII
MOIIUPEH1, YKCIIO BY3J1iB B HUX HE MIEPEBUIIYe 2 B § CTyMeHi, TOOTO 256 By3iB.

SAxio nepri yotupu O0iTH IBiiikKoBOro 3HadeHHs aapecu «1110», To e ampeca
Mmepexi kiacy D. Ile, Tak 3BaHa, rpymnoBa , abo multicast - agpeca. Taka aapeca
NPU3HAYAETHCS TPYMl BY3/diB, SIKI MOBMHHI OTPUMYBAaTH OJHI ¥ T1 K cami IakeTu

(HampuKiIan, TaKeTH BiAeonoToky, abo kanamy IP-TV). Ilaker 3 agpecoro
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npu3HauYeHHs Kiacy D oTpuMaroTh yci By3iH, SIKI NIAKIIOUYHIUCS 10 JAHOI TPYIIH.

Taki By3nmu OymyTh MaTH YHiKanbHY (unicast) IP-ampecy i1 rpymoBy (multicast)

aapecy. B aapecax kiacy D He BUKOPUCTOBYETHCS PO3MOJIIJIEHHSI HA HOMEP MEPEXKI 1

HOMCD BYy3Jia, TOMY MaCKa IJI bOI'0 KJIaCy aApcC HC 3aCTOCOBYETHC.

4 BanTH

A

1 3
f,/ A i e ‘\
|Knac A | 0 N2 Mepexi MNe Bysna

2 2

7 A - A
Knac B 110 N2 mepexi M2 By3na
A3 Al

KnacC |1 /10 Ne mepesxi Ne sysna
KnacD |1 |1 |1 Aapeca rpynu multicast
Knac E 11111 0 3apesepBoBaHO

Pucynok 5.4 - Ctpykrypa knaciB [P-agpec

Skuio nepurn m’saTe O1TiB ABiMKOBOro 3HaueHHs aapecu «11110», To e aapeca

kiacy E. Aapecu 11poro kiacy 3ape3epBoBaHi Jisi MalOyTHIX 3aCTOCYBaHb.

VY Tabn. 5.2 npuBeeH1 aiara3oHu HOMEPIB MEPEk 1 MaKCUMAaJIbHE YUCIIO BY3JIIB,

JUTsE KOJKHOTO KJIACy MEpEK.

Tabmums 5.2 - XapakTepUCTHKHU aApec Pi3HOTO Kiiacy

Kitac [epui Haiimenmmii Hait6inpmmit HoMep | MakcumaiibHe YHUCIIO0
oitn HOMEp Mepexi Mepexi BY3JIiB B MEpexki

A 0 1.0.0.0 126.0.0.0 2%

B 10 128.0.0.0 191.255.0.0 216

C 110 192.0.0.0 223.255.255.0 28

D 1110 224.0.0.0 239.255.255.255 Multicast

E 11110 240.0.0.0 247.255.255.255 3ape3epBoBaHUM
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5.3.2. Oco0amuBi Tunu IP-anpec

VY npotoxkomni IP icHye nekinpka Tumis ocoonuBux IP-agpec. Le:

- «aympoBa» ampeca (0.0.0.0). Taka agpeca B aapecHOMY IOJi BiANpaBHUKA
MakeTy BKa3ye Ha BY30J, KWW 3reHepyBaB 1eil makeT. [IpukiaoM Takoro makery €
naket Bim DHCP-kiienTy, sikuil Bif Hampapiisie o Mepexi ans nomyky DHCP-
CEpBEpy Ta OTPUMaHHS BiJl HBOTO yHiIKambHOI [P-aapecu;

- oOMexxeHa (JIoKallbHA) «UPOKOMOBHa» ([limited/local broadcast) anpeca
(255.255.255.255). Taka agpeca MOXe 3’SIBUTUCh TUIBKM B aJpPECHOMY IO
npu3HaueHHs makeTy. [lakeT 3 Takow agpecol0 OTPUMAIOTh YCI BY3/IH, SKi
3HAXOAAThCS B TiMl ke [P-mepexi, 1o 1 By30J, SIKHW 3reHepyBaB JaHWUW makeT. B
a1 [P-mMepexi Taki makeTd He MEepelaroThesl (MaplIpyTHU3aTOpU HE MEPECcCHIaloTh
JIOKaJbHI IIMPOKOMOBHI TMAaKeTH Ha 1HII cBoi iHTepdeiicu) Taka po3cuika
HA3UBAETHCS 0OMENHCEHUM WUPOKOMOBHUM NOBIOOMIEHHAM,

- «mupokoMoBHa» (broadcast) anpeca (mampukian, 192.168.1.255) — mae
KOHKPETHUI HOMEp MEpexi 1 yci JBIWKOBI OJMHMUIN B MOJI HOMepa Bys3ia. [laker 3
TaKOIO aJpPeCcOI0 B aJIPECHOMY TIOJIi TPU3HAYCHHS TTAKETY, PO3CHIAETHCS YCIM By3JIaM
Mepexi 13 3aJaHuM HoMepoMm. Taka po3cuiKka Ha3UBAETHCS HANPABIEHUM
UUPOKOMOBHUM NOBIOOMIEHHIM,

- anpeca Mepexi (Hanpukian, 192.168.1.0) — Taka aapeca Mae KOHKPETHHI
HOMEP MEpexi 1 ycl ABIWKOBI HyJI1 B TIOJII HOMEpa By3ja. BUKOpUCTOBYEThCS TIJIBKU B
TAONMISIX MapHIpyTH3alii JUisl BU3HAYEHHSI MapLIPyTy 10 KOHKPETHOI Mepexl 1 He
MOXe€ 3 ABUTUCA Y aapecHux noisix [P-makery;

- agpeca «3BopoTHOI neTm» (loopback). lle aapeca 3 AECATKOBUM 3HAYCHHSIM
HoMepa Mepexi «127» (nanpuknan, 127.0.0.1). [Taketu 3 Takow aapecoro HIKOIU HE
MEepPeIaloThCsd Yepe3 MepekHuid 1HTepdeiic By3nma 1 BUKOPUCTOBYIOTHCS IS
TECTyBaHHS MPOTpaM 1 B3aeMOJIii IPOIIECiB B Mekax OJHOro By3na. Komu mporpama
nocuiae nani Ha [P-anpecy 127.0.0.1, To yTBOpro€ThCs, Tak 3BaHa, «IeTs». [laHi He
MEePETAOTHCS 110 MEPEXKi, a MOBEPTAIOTHCS MPOIECaM BEPXHBOTO PIBHS, K TUIHKH 110
IPUIHATI.
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[Ipu agpecarii By37iB HEOOX1IHO BpPaxOBYBaTH OOMEXKEHHsI, SIKI BHOCATHCS
0coOMMBUM MpU3HAaYeHHSIM crienianbHux [P-anpec. Tak, HI HOMep Mepexi, HI HOMep
By3Jla HE MOKE€ CKJIaIaTUCS TUIBKU 3 OJHUX JBIHKOBUX OJAMHUIIL 00 TUIHKU 3 OJHHUX
JBIMKOBUX HYIIB. 3BiZICK BUTIKA€E, [0 MaKCUMaJlbHA KUIBKICTh BY3JIiB, IPUBECHA B
Tabnuii 1.2 11t Mepek KO’KHOTO KJlacy, Ha MPaKTUlll MTOBUHHA OyTH 3MEHIIIeHe Ha 2.
Hampuknazn, B mepexax kiacy C miJl HOMep By3Jia BiIBOJUTHCA § OIT, IO JO3BOJISIE
3agaBatu 256 HOMepiB Big 0 g0 255. Ane 3 ypaxyBaHHAM crieniadbHuX TumiB [P-
azpec, By3JlaM MOXYThb MHpHU3HA4yaTHCs HoMmepu 3 1-ro mo 254-if 1 mMakcuMalibHa
KUIBKICTh BY3J11B B Mepex1 kinacy C He MOXke TIepeBUIlyBaTH 254 (HanmpuKiia, aapeca
192.168.1.0 Bka3ye Ha yCro Mepexy 3 HoMepoM «192.168.1», a anpeca 192.168.1.255
€ HaMpaBJICHOIO IMPOKOMOBHOIO aIpeCcoI0 B MEPEKY 3 HoMepoM «192.168.1»). Ichye
II€ TaKe 3arajbHe y3rOJKEHHS - SIKIIO B a[pECHOMY I0JIi IPU3HAYEHHA nakeTy B [P-
azpeci B TOJII HOMEpa MEpeXl 3alucaHi TUIbKH HYJi, TO BBaXKA€ThCS, 10 BY30II
MPU3HAYEHHSI HAJICKUTh TIA K€ caMmiil Mepexi, IO 1 By30JI, SKUW BIAMPaBUB LieH
Maker.

Boxe 3ragyBana Buie rpynoa [P-aapeca tumy multicast - o3Ha4ae, 1m0 TaHUMA
NaKeT MOBMHEH OyTH NIOCTaBJIEHUM BiApa3y ACKIIBKOM By3JaM, sIKI HajeXaTb [0
Ipynu 3 Takorw aapecoro. OAMH 1 TOM e By30J MOXKE€ BXOIUTH B JEKUIbKA rpymd. Y
oJHy Trpymy multicast MOXyTh BXOIUTH BY3/1U 3 pi3HuUX [P-mepex, 3B’s3aHuX
MapuIpyTU3aTopaMu. [Taketun 3 IPYIOBOIO aapecoro 00poOIIsIETHCS
MapIIpyTU3aTOpaMu 0COOJIMBUM 00pa3oM.

Anpecu 3 224.0.0.0 no 224.0.0.255 3ape3epBoBaHi JIsl MEPEKHUX MPOTOKOJIIB
JIOKAJIbHUX MEPEKHUX cerMeHTiB. [lakeTn 3 TakuMu agpecamu HIKOJIM HE MPOXOAATh
yepes MapipyTusaTop. 1x gac sxutta (TTL) 3aBAKIM BCTAHOBIIIOETHCS PIBHUM 1.

MepexHi TMPOTOKOJM BHUKOPHUCTOBYIOTH IIi agpecu M aBTOMATHYHOTO
BUSIBJICHHS MapIIpyTHU3aTopa 1 IS mepefadl BaKIMBOI MapiipyTHOI iH(opmartii
Hampuknazn, mpotokon OSPF BukopuctoBye agpecu 224.0.0.5 1 224.0.0.6 nns oOmiHy

1H(pOpMAIlI€IO TPO CTAH KaHAIY .
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Anpecu B aianaszoni Bix 224.0.1.0 mo 238.255.255.255 € rnobGansuumu. Bonu
MO’KYTh BUKOPUCTOBYBATUCSA JIJIsl TPYIIOBOI Mepeaayl JaHUX MIXK OpTraHi3allisiMu 1 AJs
nepeaadi mo mepexi Internet.

VY mianmazoni Bim 239.0.0.0 mo 239.255.255.255 anmpecu 3ape3epBOBaHi IS
BHYTPIIIHHOT'O BUKOPUCTAHHS Y IPUBATHUX MEPEkKAX.

OcHoBHe mpu3HaueHHs1 multicast-aipec - pO3MOBCIOMKEHHS 1HGOpMAIii MO
cxemi «oauH-no-0arathox». By3on (Hampukiman cepep IP-TV), skmit xoue
nepeaBaTd OJHY 1 Ty > i1HGopmalliio OaraTboM aOOHEHTaM, 3a JIOIOMOTOIO
cnenianbHoro npotokony IGMP (Internet Group Management Protocol) moBigomiisie
IpO CTBOPEHHS B Mepexl HOBOI multicast-rpynii 3 TMEBHOK  aJapecoro.
MapuipytuzaTopu  HNOMIMPIOIOTH 1H(QOPMAIII0 MPO CTBOPEHHS HOBOI TIPYIU B
Mepexax, MIIKIIOYEHUX 10 CBOiX 1HTepdeiiciB. By3nu, ki X04yTh NpUEAHATHUCS 10
HOBOCTBOPEHO1 I'pYIH, MOBIIOMIISIIOTH MPO 1€ CBOI JIOKAJIbHI MapIIpyTU3aTOPU 1 Ti
nepeaaroTh 1110 1H(QOopMaIlito By3Ily, IKMi 1HIIIIOBaB CTBOPEHHSI HOBOI IPYIIH.

s toro, mo6 MapumpyTH3aTOpU MOTIM aBTOMATUYHO TEPEIaBaTH MAaKeTH 3
aapecamu multicast depe3 mpomixkui [P-mMepexi, HEOOXiIHO BUKOPHUCTOBYBATH B
MapuIpyTHU3aTopax MOAU(IKOBaHI MPOTOKOJIM OOMIHY MapHIpyTHOIO 1H(OpMaIiEro,
taki sk, Hanpukiaaa, MOSPF (Multicast OSPF).

JlokaabHi aapecu.

B IPv4 BunuieHo nekinabka OJIOKIB ajapec, sIKi MPU3HAYEHI JJIsl JIOKaJIbHOTO
BUKOPUCTAHHSA, Ta HE MOXYTh OyTH MIO0ATBHO MapHIPyTU30BAHUMHU (JJOCTYITHUMU 3
OyIb-SIKOr0 IPUCTPOIO, IO MIAKIIOUEHUN 10 Mepexi [ntepHeT). Tak ns npuBaTHUX
IP - aapec ("cipux IP") 3apezepBoBano 6su3bko 18 muH aapec. Cepen HUX BUIUISIOTH
JBa OCHOBHI Ooku: kaHanbHi anpecu (Link-local - 169.254.0.0/16) ta agpecu s
BUKOPHUCTAHHA y MpuBaTHUX Mepexkax (kmac A - 10.0.0.0/8, kimac B - 172.16.0.0/12,
kiac C - 192.168.0.0/16).

Link-local address — aapecu, sxi mpu3HayeH1 TIIBKA 11 KOMYHIKAIIN B MeXax
OJTHOTO CEerMeHTa JIOKaJbHOI Mepexi abo MmaricTpaibHOi JiHIi (OAWH JIOMEH
HIMPOKOMOBJICHHS). BOHM 103BOMISIIOTH 3BepTaTHCS A0 BY3JiB, HE BUKOPHUCTOBYIOUU

3arajibHUi npedikc agpecu (Hampukian, 3aMmicTh aapecu 169.254.0.1 moxe Oytu
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Bukopuctana ajapeca 0.0.0.1). MapuipyTuzatopu He NepenaroTh MakeTu 3 aJpecaMu
orpumyBaua link-local (TTL B Takux makerax mopiBHIOE «1»). Aapecu link-local
4acTO BUKOPHCTOBYIOTHCS TPU aBTOMATHYHOMY IMPHU3HAYCHHI MEPEXKHOI ajapecH, y
BUITAJIKaX, KOJM 30BHIIIHI JDKepena Juisi OTpUMaHHsS aapecu HepoctynHi. [Ipukian
BukopucTtanHs link-local agpec — npobGiemu npu aBToMaTHYHOMY KOH(ITypyBaHHI
IP-anpec. Anpecu I[Pv4 B miamazoni Bim 169.254.0.0 mo 169.254.255.255

npusHadaroTbest OC By3na aBTomMaTH4HO B pa3i HepoctymHocTi DHCP cepsepa.

5.3.3. BukopucTtanusa Macok 1Js cermenrauii IP- mepex

Sk Bke OyJio 3a3HAYCHO BUIIE JIBINKOBHUH 3alUC MACKU MICTUTh OJUHHUII B THX
po3psnax, ski B IP-agpeci Hanexxatb no Homepy Mepexi. TakuMm 4MHOM, Macka
BU3HAYA€ KIUIBKICTh cTapmmx OiT B [P-aapeci, BUAUICHHX MMiJl aJpecariio Mepexi.
I 6itu B IP-anmpeci Bu3HauaoTh HOMEpP By3Jlia B JaHiil mepexi. Haramaemo, 1o
ICHy€ TMOHATTSA «CTAaHAAPTHOI» MacKu sl KoxkHoro kinacy IP-agpec (kmac A -
255.0.0.0; xmac B - 255.255.0.0; xmac C - 255.255.255.0). IcHye mie oauH BapiaHt
3anucy Macku - /N, nme N — KUIBKICTh OJUHHUYHUX OIT y Maculi (Hampukia,
cTaHjaptHa macka kmacy A - /8, B - /16, C - /24). Takuii TuUn 3amucy
BUKOPUCTOBYEThCSI Y MapIIPYTHUX 3amycax B TaONMILX MapumipyTusaiii  Ha
MaplIpyTHU3aTOpax Ta aJIMIHICTPATOpPAMH MPHU JOKYMEHTYBaHHI JIOT1YHOI CTPYKTYpHU
Mepexi.

MexaHi3M MacoK J103BOJISIE TIPOBECTH CETMEHTAaIlll0 KOHKpeTHOi [P-mepexi Ha
MiAMEpeXi MEHIIOro po3Mipy, 3a0e3nedyroud OIbIl THYYKY CHUCTEMY ajapecalii.
Hanpuknan, sxmo aapecy 77.47.130.1 BukopuctoByBaTH 3 Mackow 255.255.255.0,
TO HOMepoM Mepexi oyne 77.47.130.0, a e 77.0.0.0, sik 11€ BU3HAUYEHO CTaHIAPTHOIO
MacKoOI0 Kjiacy A, 10 SKOro HaJexuTh aapeca 77.47.130.1.

VY «HecTaHAapTHUX» MAacKax, siKi BAKOPUCTOBYIOTHCS JIJIsi CErMEHTAIlli Mepexi,
KUIBKICTh OJWHHUIIL B TOCIIJIOBHOCTI, IO BU3HAYa€E MEXKY HOMEpa Mepexi, He
00OB'SA3KOBO TOBHHHO OyTH KpaTHUM &, 100 TOBTOPIOBATH MUICHHS aapecd Ha

Oaittu. Hanpuknan, ang cerMeHTanii Mepexi kinacy B Ha aB1 migMepexi HEO0OX1aHO
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PO3IIMPUTH KUIBKICTH 01T, BIABEAECHUX i HOMEp Mepexi Ha 1, ToOTO BUKOpUCTATH
Macky 255.255.128.0. ¥V upomy npukiaai uis HyMeparlii Mepex BuuiaeHo 17 Oir,
JU1s anapecartii By3miB 15 6it. Hanpuxknan,

[P-anpeca 129.64.134.5 (10000001.01000000.10000110.00000101),

Macka 255.255.128.0 (11111111.11111111.10000000.00000000).

Taka xomOiHaris [P-agpecu 1 Macku BU3HAYa€ HAJICKHICTh By3Jia 3 HOMEPOM
0.0.6.5 mo migmepexi 3 Homepom 129.64.128.0.

Sxmo B HaBenmeHoMmy mnpukiami IP-agpecu  129.64.134.5 Buxopucratu
CTaHJApTHY MacKy Mepexl kinacy B, To HoMepom Mepexi OyayTh mepuil 2 0aiTu -
129.64.0.0, a Homepom By3zina - 0.0.134.5.

MexaHi3M Macok MIHMPOKO TolupeHudd B [P-mapuipytuzaiii, npuaoMy Macku
MOXYTh BHUKOPHUCTOBYBAaTHUCA JUIsl CaMHX PI3HUX Muied. 3 iX JONOMOIOR0
aZIMIHICTpaTOp MOXE CErMEHTYBaTH CBOIO Mepexy Ha okpemi [P-mepexi 0e3
BUKOPHUCTAaHHA A0JaTKoBUX Oy0KiB [P-anpec. Ha ocHOBI 1IbOTO K MeXaHI3My MO>KHa
o0'eqHYBaTH aJapecHl MPOCTOPU JEKUIBKOX MEPEeX LUISIXOM BBEIEHHS TaK 3BAHMX
«tpedikciBy 3 METOK 3MEHIIEHHS 00'eMy TaONIWIlb MapHIpyTH3allii 1 3MEHIIEHHS,
BIJIMOBITHO, HABAHTAXKEHHS HA MapIIPYTU3ATOPH.

IonineHHs1 HA miAMepe:xi Ta arperyBaHHs ajpec.

Icunye nBa TuIM omepallii, MOB'sI3aHUX 3 HaKJIaJIeHHsIM Macku Ha IP-ampecy:

- arperyBaHHs (superneting), KOJM Macka 3pyUIyeTbCs BIIIBO MO MOJIIO HOMEpa
Mepexi (BUAUTIEThCS 3arajbHa KUIBKICTh OIT B 1A€HTH(IKATOPI MEpexki, OJTHAKOBUX
JUISL yCIX MIJIMEpex); MpU I[bOMY YacTUHA aJpECH, SKa BHIUISETHCA MAaCKOIO,
Ha3MBaeThCcs mpedikcoM. OTpuMaHa Macka Ma€ MEHIIE 3HAYEHHS HIX CTaHAapTHa
Macka JaHoro Kiacy Mepex (y Bunaaky [Pv4);
- po30MBKa €IUHOTO HOMEpa MeEpeki Ha KiJdbka HOMEpIB MiAMEpex 3a
JIOTIOMOTOI0  MAacOK, III0 BHKOPUCTOBYIOTh YacTHHY O0OJacTi HOMepa By3ia
(subneting).

B IPv4 BUKOPHUCTOBYIOTHCS 1 MEpILIM (arperyBaHHs), 1 Apyruid (po3noAin Ha
MmiIMEpexi) TUMM Omepariil. ArperyBaHHsS BUKOHYIOTH MPOBalJIepH, MPaBUILHO

BUJIUISIFOYM TIyJIM aJpec BeIUKUM aboHEeHTaM 1 Oulblll JApiOHMM MpoBaiiepam,
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HAJIAIITOBYIOYHM BIAMOBITHUM YMHOM CBO1 MapuipyTu3aTopu. Merta Takoi omeparii —
CKOPOYEHHS aJpecHUX Tabmuip MapupytuzaropiB. Omnepanii JApyroro THITY
BUKOHYIOTbCSl @JIMIHICTpaTOpaMu KOPIOPAaTUBHUX MEPEX JUIsl CTPYKTypH3allii
Mepexi (moauTy i Ha TiaMepeski) B yMoBax ne(iruTy HOMEPIB MEPEK.

TexHika arperyBaHHs Mae€ Ha3By O€3KJIACOBOI MIKIOMEHHOT MapUIpyTH3allii
(Classless Inter-Domain Routing, CIDR). Cyts texuonorii CIDR mnonsirae B
HacTynmHoMy. KokHOMY mpoBaiiiepy mnpu3HadaeThCsl Oe3MepepBHUN Jiana3oH y
npocropi [P-anpec. [Ipu Takomy miaxoAdl aapecu BCiX MEPEK KOKHOTO IpoBaiizepa
MalTh 3arajbHy YacTUHY B CTapmux po3psgax — npedikc. B pesynbrari,
MapuIpyTu3alisi Ha Marictpayisix Internet Mmoxke 311MiCHIOBATUCS HA OCHOBI ITPeQiKCIB,
a He MOBHUX ajapec Mepex. Komu KiIieHT (HUM MOXe BUSBUTHUCS ¥ OUIbI ApIOHUMN
IIpOBaiiiep) 3BEPTAETHCS 10 MPOBAKEpa 13 MPOXAHHIM MPO BUALICHHA HOMY AESKOi
KUIBKOCT1 aJipec, TO B HAasBHOMY IyJii ajpec "BupizaeTbcsa' OesnepepBHa 00J1acTh
BIJINOBITHOTO po3Mipy. [Ipuuomy rpanuill miei o01acTi BUOMPAIOTHCA TaKUMU, 1100
JUIs. Hymepalii HeoOXiIHOTO 4Huclia BY3JIIB BHUCTAUMIIO JICSIKOTO YHWCIA MOJIOJIIUX
PO3psAIB, @ 3HAYSHHS BCIX CTAPUIMX PO3PSIAIB, M0 3aTUIIMINCS, OYJIU OJTHAKOBHMH,
CTBOPIOIOYM IpediKC apecH TaHOro MpoBaiiiepa-Kili€eHTa.

PosrnsiHeMo mpukiiag BUKOPUCTaHHS MEXaHI3MIB TMOJAUTY Ha TIAMEpPEexi Ta

arperyBaHHs aJMIHICTPaTOPOM KOPIIOPATHUBHOI Mepexi (puc. 5.5).

HMuTepHaT
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P
o

Wlar 10 - P2 | |

WLAMTS - [P3 " WLAN 20 - 1P4

Pucynok 5.5 — Ilpukias JOriyHOT CTPYKTYPH KOPHOPATUBHOT MEPEXKi
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Maemo Osiok azapec nisi BHYTpIImHBOro BuKopucTtaHHs 192.168.10.0/24, sxuit
HeoOx1mHO moainuTH Ha 4-pu miamepexi (VLAN 5, 10, 15, 20).

Posmmpena macka - /26 (255.255.255.192).

[Timmepexi:

IP1-192.168.10.0/26 (agpecu By3niB 192.168.10.1 — 192.168.10.62),
IP2—-192.168.10.64/26 (agpecu By3niB 192.168.10.65 — 192.168.10.126),
IP3-192.168.10.128/26 (ampecu By3miB 192.168.10.129 — 192.168.10.190),
IP4-192.168.10.192/26 (ampecu By3miB 192.168.10.193 — 192.168.10.254).

MapmipyTHi 3anvcu B TaOmuUl MapupyTusamii MapuipyTtuszaropa R 06e3
arperyBaHHs OyJyTb MaTH BUIJISiJ, HABEJAEHUI Ha puc. 5.6.

Buxopucraemo Ui arperyBaHHsl CKOpoueHY Macky /24. MapiuipyTHi 3allcH B
Ta0JIMII MapUIPYyTU3aLlil MapIpyTU3aropa R 3 BUKOpUCTaHHSM arperyBaHHs OyIyTh
MaTH BUIJISJ, HABEICHUW Ha puc. 5.7. Sk BUAHO 3 puc. 5.7, arperyBaHHs aapec
JT03BOJISIE 3MEHILIUTH O0CST TaOIUIh y MaplIpyTU3aTOpax BCIX PiBHIB, TOMY IO BCi

MEpexXi 3 OJJHAKOBUM MNpe(IKCOM MPEICTaBIEHI B TAOJIHIIl MaplIpyTH3alli OJHUM

3aIiCOM.
Ne IP mepexa IIpomixkna IpumiTka
3anmcy NpU3HAYEHHS Mepe:ka
1 192.168.10.0/26 IP 5 Mapuipyt aoctymy 10
By31iB VLAN 5
2 192.168.10.64/26 IP5 Mapuipytr poctynmy 10
By31iB VLAN 10
3 192.168.10.128/26 IP 5 Mapuipytr poctyny 10
By31iB VLAN 15
4 192.168.10.192/26 IP5 Mapuipytr poctymy a0
By3:1iB VLAN 20
5 0.0.0.0/0 (default) IP 6 Mapuipyt poctymy a0

BYy31iB B Internet

Pucynox 5.6 — IIpukian Tabnumiii MapiipyTu3sainii 0e3 arperyBaHHs MapIipyTiB
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Ne IP mepexa IIpomixna IIpumirka

3anmmucy NMpU3HAYEHHS Mepexa
1 192.168.10.0/24 IP 5 Mapuipyt noctyny a0
By31iB VLAN 5 - 20
2 0.0.0.0/0 (default) IP 6 Mapuipyt noctyny a0

BY3JIB B Internet

Pucynoxk 5.7 — Ilpukian Tabauii MapiipyTu3allii 3 BAKOPUCTaHHSIM

arperyBaHHs1 MapIuIpyTiB

5.4. IIporoxkoa ICMP

ICMP (Internet Control Message Protocol — MbKMepekHUI TPOTOKOI
yrnpasisitounx nosigomiieHb). [CMP BukopucToByeTbes A nepenadi MoBIIOMIICHb
PO TTOMWJIKY 1 1HIIII BUHSTKOBI CUTYallii, [0 BUHUKJIM TMIPHU Mepeaadi JaHux. Takox
Ha ICMP noknanaroThes AesKl cepBiCHI (YyHKIIII.

ICMP no3BoJisie MapiIpyTH3aTOPy HOBIJOMHUTH KIHLIEBHM BY30J1 TPO MOMUJIKH, 3
SKUMHU BIH 3ITKHYBCA Mpu mepenadi Oynb-skoro IP-makety Bij gaHOTO KiHIIEBOTO
By3na. [lpu upomy ymnpasistoui mnoBiomieHHs [ICMP He MOXyTh mHocuiaTucs
MPOMIXKHOMY MapIpyTU3aTopy, KU OpaB y4yacTh B Tepeaadi Makery, 3 SKUM
BUHUKJIH mpobsiemMu. [le moB'si3aHO 3 TUM, 10 JUISl TAKO1 MOCUIIKU HEMA€E apecHOi
iHdopmMmaiii. [lakeT Hece B coO1 TUIBKM aapecy JpKepelia 1 aapecy MpU3HAUYCHHS, HE
GbiKCyroun aipecu MPOMDKHUX MapIIpyTU3aTOPIB.

[Tporokon ICMP — nie mpoTokoa MOBIJOMIIEHHSI PO MOMMWIKH, @ HE MPOTOKOJ
Kopekili nomwiok. KiHieBuil By30J1 MOXKe 3pOOMTH Jesaki il sl TOTo, 100
MOMMJIKA O1IbIIIe HE BUHUKAIIA, aje i il mpotokojom ICMP He permaMeHTyrOThCS.

[Tporokon ICMP renepye nexiiabka BU1B MOBIAOMIIEHb, 30KpeMa MOBIJOMIICHHS
PO HEJIOCTYITHICTh OJIEpP)KyBaua, IEPEHANPABICHHS MapUIpyTy, 3aKIHYCHHS JIIMITY
4yacy, aHOHCYBaHHSI MapIIpyTU3aTOPa, a TAKOXK 3alMUTH MapIIPyTH3ATOpPA: €X0-3aIMUT
1 exo-BianoBias. Koxxne noimomiieHHs npotokony ICMP nepenaerbest mo Mepexi

ycepenauni mnakery IP. Ilakeru IP 3 moimomnennsmu ICMP mapripyTusyrotbes
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TOYHO TakK, AK 1 Oynp-ski 1HI naketu. fAxmo ICMP-noBigoMieHHs He MOxe OyTH
JIOCTABJICHO, 1HIIE TaKe TOBIJOMJIEHHS HE CTBOPIOETHCS MO0 YHHUKHYTU

HecKiHueHHOTo MoToky ICMP-nioBiioMIIeHb.

5.4.1. ®opmart noBizomiieHb nporoxkosy ICMP

Koxkxen Tum mnoBigomyIeHHS Mae CBik ¢dopmar, npu I1bOMY BCl BOHHU
MOYHMHAIOTHCS 13 3aTAIBHUX TPHOX MOJIIB: 8-01TOBOr0 LIJIOr0 YKCa, 0 MO3HAYAE TUI
noBiiomyieHHss (TYPE), 8-0itoBoro mnons koxy (CODE), skuii KOHKpeTH3ye
MIpU3HAYCHHS MOBIOMIICHHS, 1 16-0iToBOro 1o koHTpodbHOi cymu (CHECKSUM)
(puc.5.8).

Kpim toro, noimomsnendss [CMP 3aBxxau MicTUTBH 3arojoBoK 1 mepii 64 6iTu
nanux nakery IP, skuil BukiMkaB momMuiky. Lle poOuTkes st Toro, mo0 By30J-
BIJIIPABHUK 3MIT TOYHINIE MpOAHANI3yBaTh MPUYMHY TIIOMHWIKH, OCKUIBKM BCI
npoTokonu mnpukiagHoro piBHg creka TCP/IP  MicTaTh HaWOIBII  BaXJIHMBY
1H(popMarliro Juisl aHam3y B nepmux 64 0itax CBOiX MOBIJOMIICHbD.

[Tone Tuy Moke MaTy 3HAYCHHS, HaBE/IeH1 B Ta0auIl 5.3.

0 7B 15 16 31

Lt Ly Eowtponena cyma
(zamuT=0 BignoEime=1) ()] ™ ¥

ImenTudikarop IlopankoEni HoMep

HopatkoBi gaHi

Pucynox 5.8 - [laket exo-1moBiqoOMIICHHSI 3aNTUT/B1AMOBI b TpoTokoiay ICMP

5.4.2. Tunu nosinomiiens ICMP

Exo-nporokou
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[Tporoxon ICMP Hanmae mMepexHUM aaMiHICTpATOpaM 3acO0M Ui TE€CTYBAHHS
TOCSDKHOCTI By3iB Mepexi. Lli 3aco0u mpeacTaBisitoTh CO00I0 TyKe MPOCTUH €XO-
IPOTOKOJI, [0 BKJIIOYA€E OOMIH JBOMAa THUIIAMH TIOBIJIOMJICHB: €XO-3allUT 1 €XO-
BianoBiab. Komm'torep abo mapuipyTuzaTop MOCHIAIOTh TIO MEPEXi €X0-3aluT, /e
BKa3yloTh [P-ampecy By3na, MOCSHKHICTH SIKOTO MOTPiOHO TiepeBipuTH. By3om, sikuii
OJIEPXKY€E €X0-3amuT, GOpMYe€ 1 BIATPABIISE €X0-BIAMOBIIb 1 IOBEPTAE MOBIIOMJICHHS
BY3JTy-BIATIPaBHUKY 3aMuTy. Y 3alHTI MOXYTh MICTHUTHCS AESIKI JaHi, sIKI MOBUHHI
OyTu moBepHEH1 B BiANMOBIII. OCKIIBKH €X0-3aIUT 1 €XO-BIIMOBIAL NEePEAaloThCs 10
Mepexi ycepenuHi [P-makeTiB, TO iX ycCHIIIHA JOCTaBKa O3HAYa€E HOPMAJIbHE

(yHKLI0OHYBaHHS BCi€1 TPAHCIIOPTHOI CUCTEMHU THTEPMEPEKI.

Tabmuug 5.3 - Kogu nosns tuny naketry ICMP

3HavyeHHs | Tunm noBigoOMIICHHS

0 Exo-BianoBiae (Echo Replay)

3 By3zon npusnauenns negocsoxkuauii (Destination Unreachable)
4 [Tpurniuenns mxepena (Source Quench)

5 Ilepenanpasnenns mapupyty (Redirect)

8 Exo-3amut (Echo Request)

11 3akinuenns yacy gatarpamu (Time Exceeded for a Datagram)
12 [IpoGnema 3 mapamerpom nakety (Parameter Problem on a Datagram)
13 3anut BiamiTku yacy (Timestamp Request)

14 Bianmosinp BiamiTku yacy (Timestamp Replay)

17 3anut macku (Address Mask Request)

18 Bignosiae macku (Address Mask Replay)

Y OaraThoX omnepaliiHUX CHCTEeMaX BUKOPUCTOBYETbCA YTWIIITA ping, sKa
NpU3HayeHa Jisi TECTYBaHHS JOCSKHOCTI By3miB. Llg yTuiita 3a3Buyail mocuiiae
Cepilo €X0-3aMMTIB JI0 By3JIa, IKUW TECTY€EThCS, 1 Ha/la€ KOPUCTYBauy CTATUCTUKY PO

3ary0JieH1 €X0-BIAMOBIII 1 CepeIHIN Yac peakilii Mepexi Ha 3aluTH.
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IToBizoM/IeHHSI PO HEOCSKHICTH BYy3/1a IPU3HAYEHHS

SIK110 MapuIpyTHU3aTOp MOCHIIAE TIOBIIOMIIEHHS PO HEAOCSKHICTH OJIepXKyBaua,
TO 1I€ O3HAYyae€, 0 MAPUIPYTU3ATOP HECIPOMOKHUN MEpPEelaTH MaKeT 3a KIHIEBOIO
anpecor0 mpu3HaueHHS. Toal MapmipyTH3aTop BIAKUAA€E€ [MOYATKOBUU IaKeT.
HenoctymnHicTh onepkyBadya Moke OyTH BHUKJIMKaHa JBoMa MpuuuHamu. Yacriie
BCHOTO 1I€ BIJOYBA€TbCS TOMY, 11O MOYATKOBUN BY30J BKa3ye HEICHYIOUY aJIpecy.
Pinme BuUHMKae cUTyallis, KOJIH y MapIIpyTH3aTopa BiICYTHIH MapuipyT 0 By3Ja-
oJiep>KyBaua.

[ToB1HOMIIEHHSI TIPO HEIOCTYIHICTh OAEpKyBada JUISATHCS HAa YOTUPU OCHOBHI
TUIW: HEAOCTYHHICTh MEpexi, By3Ja, MPOTOKOAYy 1 mopry. IloBimomieHHs Mpo
HEJOCTYMHICTh MEpeXl 3a3BUyail 03HA4alTh MOMMWIKY B Mapuipytusamii ado
anpecanii nakeriB. [1oBiIOMIIEHHSI TPO HEAOCTYIHICTH By3Ja 3a3BUYail BKa3ylOTh Ha
NOMMJIKY JOCTaBKM, TaKy SK HEBIpHa Macka migmepexi. [loBigoMieHHS mpo
HEJOCTYMHICTh IPOTOKOJy 3a3BMYail 03HA4al0Th, 10 BY30J]-OJEpKyBad HE
NIATPUMYE MPOTOKOJ BEPXHBOT'O PiBHS, BKa3aHUil B makeTl. [1i1 moBITOMIEHHSIM PO
HEJIOCTYITHICTh MOPTY MAEThCS Ha yBas3i, 1o 3aitHsaTi TCP-coker abo mopT.

Konmu wmapuipytuzatrop He Moxke mnepenatu abo goctaButu [P-maker, BiH
NOCUJIa€ BY31y, IO BIANPABUB 1€l makeT, nmoBigomieHHs "By3on mpu3HaueHHs
HeJocsokHM" (Tun moBigomiieHHS — 3). lle moBiOMIIGHHS MICTUTH B TIOJII KOMIY
3HA4YEeHHSI, 110 YTOYHIOE MPUUMHY, Yepe3 sIKy makeT He OyB moctaBieHwid. [Ipuunna
KOJy€TbCS TAKUM YHHOM (Tadsuiis 5.4.).

Mapupytuzatop, SKuil BUSBHUB, 110 3 OyAb-IKOi IPUYUHU HE MOXE IepenaTu
[P-naker nmam no wmepexi, noBuHeH BianpaButu ICMP-noBigomieHHs By3iy-
JoKEepeny, 1 TUTbKM TOTIM BIAKMHYTH makeT. OxpiM npuuuHu nomuiku, [CMP-
MOBIJJOMJICHHSI BKJIFOYA€ TAKOXK 3aroJIOBOK HEJAOCTABJIEHOTO MakKeTy 1 Horo mepiii 64
O1TH OIS TaHUX.

[Tomunka ¢parmeHTarlii BUHUKA€E TOJI, KOJM BIAMPABHUK IOCIAB B MEPEKY
nakeT 3 o3Hakor DF (61T “M” y npanopi [P makery), 1o 3a60poHsie ¢pparMeHTaIlio,
a MapHIpyTU3aTOp 3ITKHYBCA 3 HEOOXITHICTIO TIepenadl IbOro MaKeTy B MEPEKY 13

3HaueHHsIM MTU mMeHIuM, HIXK po3Mip TMaKeTy.
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Taomuug 5.4 - [Tomunku ICMP

Kon [Tprunna

Mepexa HetoCsKHA

Byson HenocsxxkHun

[IpoTOKOJI HENOCSKHNUI

[TopTt HenOCSIKHUIM

[ToTpibHa dparmenTaris, a 6iT DF BcTanoBiIeHUM

[Tomunka B MapipyTi, 3aJaHOMY JKEpEIoM

Meperxa npu3HaueHHS HEB1IOMa

By3zoi1 npu3HaueHHs HEBIOMUMN

By3zoi-mxepeno 1301b0BaHUM

B3aemonist 3 Mepexero npu3HayeHHs aJAMIHICTPATUBHO 3a00pOHEHA
B3aemonis 3 By3710M NMpU3HAYEHHS aIMIHICTPATUBHO 3a00pOHEHA
Meperxa HetocsKHA 1J1s1 3a/IaHOT0 KJIacy CepBICY

By3ou Heocs>kHMIM 1715 3aaHOTO KJIacy CepBicy
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IlepenanpaB/ieHHS MAPIIPYTY

MapuipyTHi TaOauIl y BY3JIB 3a3BUYail € CTATUYHUMHU 1, 3 4aCOM, MPHU 3MiHi
TOIOJIOTIi Mepeki MapuIpyTHI Tabiuill MOXyTh 3actapiBatu. I[CMP-noBinomieHHs
PO TIEPEHANPABJICHHS MapIIPyTy MOCHJIAETHCS MapHIPyTH3aTOPOM Ha MOYATKOBUIA
BY30J1 JUIsl OUmbIn epeKTUBHOI MapmipyTtusailii. [Ipu npoMy MapuipyTuzatop Takox
BIJIIPAaBUTH MMOYATKOBUM MAKET 3a MpU3HAYEHHAM. Ane 1 micis orpumanHs [CMP-
MOBIJOMJICHHST ~TIPO  TEpEHAIpaBlICHHS  MapHIpyTy Jeski BY3JIHM  MOXYTh
MPOJIOBXKYBaTH BUKOPUCTOBYBATH MEHIII €(PEKTUBHUNA MapIIPYT.

Konmu mapuipytuzarop 6auuTh, 0 BY30JI BIANpPaBIs€ MakeT IEAKIA Mepexi
MPU3HAYEHHS HEpaI[lOHAIBHUM YHHOM (HE Yepe3 MapIIpyTU3aToOP JIOKATBEHOT MEPEXKI,
BiJl SIKOT'O TIOUYMHAETHCA KOPOTLIMH MapLIPYT 10 MEPEKi MPU3HAYEHHS), BIH MTOCUIIAE
noBigomsieHHs "llepenanpasnenns mapuipyty" (Redirect — Tun moBigomueHus “5”).

VY nosinomnenus "[lepenanpasieHas MapmpyTy" mMapuipytuzaTop mnomimae [P-
aZpecy MapuipyTu3aropa, SIKUM MOTPIOHO KOPUCTYBaTHUCS HaAali, 1 3arojoBOK
MOYATKOBOTO IMAKETY 3 MepIuMu 64 O6iTaMu MOoro mojs HaHux. [3 3arojoBKa MakeTy
BY30J1 [I3HAETHCS, [JJIs SIKOi MEpeXi HEOoOXITHO KOPUCTYBATHCS BKa3aHUM

MapIIpyTU3aTOPOM.
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IToBinoMIeHHS PO 3aKiHYEHHS YaCy AaTarpamMu

ICMP-nioBitoMyIeHHST TIpO  3aKiHYEHHS 4Yacy JaTarpaMd  IOCHIJIAE€THCS
MapHIpyTU3aTOPOM y pa3i OOHYIIHHS MOJIA 4Yacy XKUTTA IP-mmakery (BUMIpPIOETHCS B
KUTBKOCTI MPOHeHNX MapiipyTu3aTopiB (“xomax” — hop), abo cexynnax. Ilone yacy
JKUTTS 3arno0irae HECKIHUCHHINM HUPKYJISIT MakeTiB 1Mo o0'€qHaHIM Mepexi, SKIIO
OCTaHHSI MICTUTh MApIIPyTHY METII0. B bOMy BHUTIQAKY MaplIpyTH3aTOp BiIKHIA€E

BUXIIHUN ITaKeET.

5.5. IIporoko.a neperBopenns agpec ARP

byap-sxkuii npuctpiit, migkioueHuid no sokanbHoi Mepexi (Ethernet, FDDI 1
T.A.), Ma€ YHIKaJIbHY (pI3MUHY MEpEeXHY ajapecy, 3aaaHy anapaTHuM yuHoMm (MAC-
anpeca). OKpiM 1IbOTO, KOKEH BY30JI Ma€ JIOT1UHY aJpecy, Hanpukiaa, 4-6aiitoy IP-
azipecy, sika 3aJa€ThbCsl aMIHICTPATOPOM 3 ypaxXyBaHHSIM MOJIOXEHHS By3na B [P-
Mepexi. s popMmyBaHHS KaJpy KaHaJIbHOTO PiBHSA HEeoOx1aHO 3HaTH MAC-anpecy
By3Jla OJIepKyBayda, SKOMY MOBUHEH Oytu noctamieHuil [P-maker. IIporokon ARP
(address resolution protocol) Bupimye 110 3aga4y — BCTAHOBJIIOE BIAMOBIIHICTh MK
[P-anpecamu By31iB 1 ix MAC-anpecamu.

[Tpoueaypa mepeTBOpeHHs aJpec IMpH BIANPABIECHHI MaKeTy BUIVISAA€ TaKUM
yuHoM. Ockinbku [P-agpeca By3na mpu3HaueHHd 3a3BUYail BioMa, TO JUIs
Bu3HaueHHs MAC-aapecu npoauBisieTbes JokanmbHa ARP-Tabmumis By3na. SAxkmio mis
HeoOx1aHoi [P-ampecu B Hiil mpucyTHii 3anuc 3 MAC-aapecoro, To GpopMyeTbes 1
MOCWJIAE€ThCS BIANMOBIMHUNA Kajp. Skmo x B ARP-tabnumi BiACYTHIM 3amuc, TO
BUKOHYIOTBCSI HACTYTIHI JIi.

1. BciMm wmammHaM B Mepexi mnocuiaetbes kaap 3 ARP-3zamutom (1o

mupokoMoBHi MAC-aapeci).

2. Buxinnwii IP-niakeT cTaBUTHCS B 4epry.

Koxen By3on, mo npuiinas ARP-3anut, nopiBHioe BiacHy IP-aapecy 3 IP-
aapecoto B 3amumti. Skmo I[P-agpeca cmiBmanma, To mpsamo mo MAC-aapeci

BIINMPAaBHUKA 3alUTy IMOCHUJIAETHCS BIAMOBIAL, 10 MicTUTh [P-anmpecy By3ma, 110
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BinmoBiB, 1 oro MAC-anpecy. Ilicns orpuManHs BiamoBimi Ha cBiii ARP-3amwut
By301 (opmye BignoBigHuit enemeHT ARP-tabnumi 1 Bignpasnse [P-maker, panime
MOCTaBJICHUI B 4yepry. SIKIo )k B Mepeki HeMae MaluHu 3 notpioHorw [P-agpecoro,
To ARP-BiamoBimi He Oyme 1 HOBiI 3amucu B ARP-tabmmiro BHeceHi HE OyIyTh.
[Ipotokon IP 3uumyBatume IP-makeTw, mpu3HaueHi Jis BIAMNPABKH 3a TaKOKO
aapecoro. Y Bumaaky, skmo IP-agpeca HE HaIeXWUTh JIOKAJIbHIN Mepexi,
MapIiIpyTH3aTop Ha BiamoBimauii ARP-3amuT BUAacTh BiANOBIIb, BKa3aBIIH B HHOMY
MAC-anpecy cBoro jnokajabHOTo iHTEpdeiicy (pexxkum npokci-ARP).

OynkuionanbHo ARP minuthes Ha AB1 yactu. OHa — BU3Havyae (Hi3udHy ajapecy
NpU BIANpaBIl MakeTy, 1HIIA BIJANOBIAA€ HA 3amUTH 1HIMMX MamuH. ARP-ta6mwmii
MaloTh JUHAMIYHUN XapakTep, KOXKEH 3amuc B HiM "»KuBe" MEBHUM Yac MicClig 40ro
BUnansgeThecsi. ARP-makeTu BKIIaiatoThest 0€3MocepeIHb0 B KaApyu KaHAIBHOTO PiBHS.
®opmat ARP-nakeTy noka3anuii Ha puc. 5.9.

[Ipu3HaueHHs MOJIB MAKETy.

e HA-Len — noBxuHa anapatHoi agpecu B Oaitax (mus1 MAC-aapecu Ethernet
HA-Len = 6).

e PA-Len — nomxuHa TMPOTOKOJBHOI aapecw B Oairax (Hampukmam, mias IP-
aapecu PA-Len=4).

® Tun ob6naonanns — e Tan inTepdeincy, A sIKOTO BIANPABHUK IITYKAE aIPeCy

(y pasi inTepdeticy Ethernet nieit kox — “17).

0 7B 15 16 31

Tun cbnaguanua Tun opoTokony

Hi - Ten PA-Ten Eop onepami

Anmapatra (MAC) agpeca pignpaEEnKEa (orTeTH 0. 3)

WMAC-ampeca Biqnpaedrra (oxTeTH 4.9) IP-anpeca einnpapdnkga (oxret 0.1)

IP-agpeca BinnpaeHuEa (OKTETH 2,3) MAC-ampeca ogepxyeEada (oxTeTH 0,1)

MAC-ampeca onep®yEada (0KTETH 2. 0)

IP-ampeca omep®yeada (orreta 0. 3)

PucyHnok 5.9 - ®opmar nakery ARP
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e [lone k00 onepauii Bu3zHavae, yu € nanuil naker ARP-zanutom (kox = 1),
ARP-piarykom (kox = 2), RARP-3anuTom (ko = 3), abo RARP-Biarykom (kox = 4).
[le none HeoOxinHe A GOpMYBaHHS MOJISI mun npomoxoJiy ado 3aronoska LLC B
kagpax FEthernet (mns ARP-3amuTy 1 BiamoBinl 3HaueHHs OyAyTh OJHAKOBUMH 1
BKazyBaTUMyTh Ha ARP npoTtokom).

Y mnporokomi ARP moxmuBi camo3BepHeHi 3amutu (gratuitous ARP). Ilpu
TaKOMYy 3amuTi iHiiaTop Qopmye maker, 1e B sKOCTI [P BHKOpPHCTOBYeThCS #OTO
BiacHa aapeca. CaMO3BEpHEHHM 3alUT JI03BOJISIE BY3JIy BUPIIIUTH JBI MPOOIEMH.
[To-niepiie, BUBHAUUTH, YU HEMAE B Mepexi 00'ekTy, 110 Mae Taky x I[P-ampecy. [1o-
Jpyre, y pas3l 3MiHM MEpEeXHOI KapTu MPOBOJUTHCS KOperyBaHHA 3amucy B ARP-
TaOIUIAX BY3JiB, skl MicTiiM ctapy MAC-anpecy iHimiatopa. By3on, mo ogepxye
ARP-3anut 3 agpecoro, sika MICTUThCS B MOro TaOJuIll, TOBUHEH BIAHOBUTHU IIei
3amuc. Ha camMo3BepHeHUit 3aluT BIAMOBICTh TIIBKH TOW BY30JI, Y SKOTO CITIBIA/Ia€
IP.

SAx mpaBunO, MEpEeXHI amanTepu BY3JIIB OJCPKYIOTh TUIBKA KaJpH, IO
Bi/IMOBIat0Th iXHIM MAC-anpecam abo kazpu 13 mupokoMoBHuMu MAC-anpecamu.
Jlnst Toro, mo0 KutbKa By3JiB multicast - rpynu MOrM oAepKaTu TOW caMuil Kajp 1,
pa3oM 3 TUM, PO3PI3HSIIN pi3H1 multicast - rpymnu, Oyiu po3po0aeHi pi3Hi 3ac00H.

Hns neperBopenHss MAC-anpecu Ethernet B rpymnoBy anpecy BHALICHO
cnemianbHuil 6710k MAC-anpec Ethernet, mounHarouu 13 MIICTHAAISATKOBOI aApecH

01:00:5E (mianmazon MAC-anpec Ethernet Big 0100.5¢00.0000 go 0100.5e71.fffY).

*kkk*

IP-agpeca 1110

0000000100000000010111100

Monoguwi 23 6iTa ineHTUdikaTtopa

ETHERNET-agpeca rpynn y IP- i MAC-agpec cniBnagatoThb

Pucynok 5.10 - [P-agpeca ajs rpynoBOi pO3CUIKH
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BuninenHs mux aapec M03BOJSE€ BCTAHOBUTH BIAMOBIAHICT Mik 23 OiTaMu
Ethernet-anpecu 1 [P-angpecamu rpynoBoi poscuiku. [Ipu npomy momommi 23 6ita
[P-anpecu nepetBopsThes B 1i 23 6ita agpecu Ethernet. Ockinbku ctapuri 5 OitiB [P-
aJipecy TPYMOBOI PO3CHIIKH MPHU NIEPETBOPEHHI TYOIATHCS, ajpeca , 0 BUHIIIA, HE €
YHIKQJIBHOIO.

[Tpuknazn Takoi agpecu HaBeaeHO Ha puc. 5.10.

5.6. IIpoToxo. 3BopoTHOrO nepersoperns aapec RARP

[Iporokon 3BopotHOoro mneperBopeHHst aapec (RARP — Reverse Address
Resolution Protocol) Bupinrye 3BopoTHy mnporokony ARP 3amauy — mepeTBoproe
MAC-anpecu B IP-ampecu. ®opmatu nosimomieHb RARP cxoxi 3 ARP, xoua
OPUHIMON poOOTH MPOTOKOJIB BiApi3HAOTHCS. I[IpoTtokon RARP mnepenbauae
HAsIBHICTh CIIEHIAILHOTO cepBepa, mo oociyroBye RARP-zamutu 1 306epirae 6azy
JaHUX MPO BIANOBIAHICT anapatHux aapec [P-agpecam.

3azeuuaii RARP 3actocoByeTbcsi B Mepexkax 3 “TOHKMMHU® — KIIEHTAMH
(6e3muckoBl poOoUl cTaHIli), AK1 JJIs MIIKIIOUEHHS J0 CepBepa 1 NMEPEHECEHHS B

nam'aTb 00pa3y onepariitHoi cHCTeMH BUKOPUCTOBYIOTH poTokos TFTP.

5.7. Illporoxkoa TCP

[Tporokon ympasmiaHs nepenadero (Transmission Control Protocol — TCP)
3abe3rneuye HaniHy mnepenauy gaHux B cepenoBuii [P. TCP namae Taki Buau
CEpBICY, SK TIOTOKOBa Tiepelnaya JaHUX, HAAINHICTh, €()EKTUBHE YIpaBIIHHS
MOTOKOM, JYTUIEKCHUM PEKUM 1 MYJIbTUILICKCYBaHHS.

[Tpu norokogiit nepenaui ganux TCP nepenae HeCTPYKTYpOBaHUM MOTIK OaMTIB,
mo 17eHTU(DIKYIOTBCS M0 TMOpSAKOBUX Homepax. Il cmyxba kopucHa s

NPUKIIAJAHUX TPOrpaM, OCKIJIBKH iM HE IOBOAMTHCS pO30MBATH JaHl Ha OJIOKU NEepen
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ix mepegadero mo mpotokoiay TCP. TCP rpymye naHi B cezuenmu 1 niepenae ix Ha
piBens mpotokoiny [P nns nmepecunku. Hangiitaicts TCP 3a0e3neuyeTbesi HACKPI3HOIO,
OpIEHTOBaHOIO Ha 3'€IHAHHS, TepeAadero IMakeTiB Mo 00'eqHaHii Mepexi. Bona
JOCSITAETHCST BIOPSIIKYBAaHHSM TIAKETIB 3a JOMOMOTOI0 HOMEPIB IiATBEPKCHHS
nepeaadi, Mo SAKUX OJIepKyBad BHU3HAYaA€, SKUM TMaKeT TMOBUHEH IMOCTYIHUTU
HacTynHUM. [lo oTpuMaHHIO MakeTy BUIAEThCS MiATBepIKeHHs. [lakeru, mo He
OJlep KM TMIATBEP/DKCHHS TIPOTATOM TEBHOTO Yacy, TEPeNarThCs HAHOBO.
Haniiinuit mexanizm mnpotrokony TCP nosBosisie mpuctposiMm oOpoOJsSTH BTpaueHi,
3aTpuMaHi, JAyOJIbOBaHI 1 HEBIPHO MPOYMTAHI MakeTh. MexaHi3M JIMITYy 4acy (time
out) 03BOJISIE MPUCTPOSIM PO3IMI3HABATH BTpay€Hl MAKETH 1 MOCUJIATH 3alUT Ha iX
noBTOpHY Tiepenauy. MynbsTuriekcyBanus TCP o3Hadae ogHouacHy mepenady 1o

OJIHOMY 3'€/IHAHHIO JEKIJIBKOX CEaHCIB BEPXHBOT'O PIBHSI.

5.7.1. BcranoBiaenns TCP-3'exnannsa

[lakeTn, 110 TOCTYHnarOTh HAa TPAHCIOPTHHM pIiBEHb, OPraHi30BYIOTHCS
OMEpaliiHOI CHUCTEMOIO y BHUIVISIAI MHOXHHHM 4Yepr A0 TOYOK BXOAY PI3HHX
npukiaaaaux mnporeciB. Y tepminosorii TCP/IP Taki Touku BXOJy Ha3WBAIOTHCA
nopmamu. TakuM YHUHOM, aJIpPECO0 TPU3HAYCHHS, KA BUKOPHUCTOBYETHCS
npotokosioM TCP, € inentudikaTop (HoMep) MOpPTy NpukiIagHOi ciyxou. Homep
MOPTY B CYKYITHOCTI 3 HOMEpPOM Mepexi 1 HOMEpPOM KIHIIEBOT'O By3/a OJIHO3HAYHO
BU3HAYAIOTh NPUKIAAHUN npouec B Mepexi. Lleit HaOip 11eHTudiKyrounx mapaMerpis
Mae Ha3By cokem (socket).

Jlnst BUKOpUCTAaHHS HaAiWHUX TpaHcnopTHuUX ciay:k60 TCP-By3nu mnoBuHHI
BCTAHOBJIIOBATH OJIMH 3 OJJHUM CEaHCHU, Opi€eHTOBaH1 Ha 3'eqHaHHA. 3'eqHanHsa B TCP
11eHTU(DIKY€EThCS TIApOI0 TMOBHHUX aapec 000X B3aEMOJIIOUUX IPOIECIB — COKETIB.
BcranoBnenHns  3'€eqHaHHS =~ BUKOHYETBCS 1O  MEXaHI3My, 1[0 Ha3WUBAETHCA
mpbvoxemanHnoro cunxpouizayicio (puc. 5.11).

[le#i mexaHI3M CHHXPOHI3yE€ OOHUIBI CTOPOHM 3'€HAHHS, JO3BOJISIIOYM iM

MOTO/KYBAaTU TOYATKOBI TMOPSAKOBI HOMepu. BiH Takox 3abesneuye TOTOBHICTH
175



000X CTOpIH 10 Iepeaaydl JaHuX 1 iIHPOPMOBAHICTb KOKHOI 13 CTOPIH PO FOTOBHICTh
iHmoi. Ile HeoOXigHO N YHUKHEHHS mepenadi abo MOBTOPHOI mepeaadl MakeTiB B

MpoI1IeCi BCTAHOBJIEHHS C€aHCy abo Miciisi HOTO PO3pPUBY.

Xoct 1 Xoct 2

“%\»

Hac

Pucynox 5.11 - MexaHi13M TpbOXeTamHOi CHHXPOHI3aIlii

Koxen By30s1 BUOHMpae BUMAIKOBUM YMHOM TOPSJIKOBUI HOMEp, 1100 CTEKUTU
3a mpuiioMoM 1 Tiepenadero OalTiB TOTOKY. [loTiM MexaHi3M TpbhOXETamHOi
CUHXPOHI3allli MPAItO€ TAKUM YAHOM.

Cropona, 1mo mocujia€ 3anmuT (sIKa, SK MPABUJIO, HA3MBAETHCA KIEHT) 1HIIIIOE
3'€THAHHSI, BIAMPABISAIOYN MAKET 3 MOYATKOBUM HOMEP MOCIIJOBHOCTI — X 1 O1TOM
cunxpoHizamii SYN mis inaukanii 3anuty 3'eqHanHs. [pyruit By3os (cepsep)
oaepxye SYN-cermMeHT, 3alMCy€ TOPSAAKOBUM HoMep X 1 BIANOBIgAE
nigreepkeHHsIM SYN (pasom 3 ACK = X + 1). CepBep BKa3ye BIACHUM HOMED
nociigoBHocTi (SEQ = Y). IloTiM KIIi€HT MIATBEPIXKY€E TOTOBHICTH 0 MPUHOMY,
yKa3yloul HOMEp HacTynmHoro Oaiita, sikuil kiieHT uekae onepxatu (ACK =Y +
1). Ilicnsa nporo Moxe MOYUHATUCS Mepeava JaHuX.

[{ux TpHOX CErMEHTIB JOCTAaTHHO IS BCTAaHOBIIGHHS 3'emHaHHA. Yacto 11

Mpolieypa Ha3uBa€ThCS mpboxemanuum pykocmuckantam (three-way handshake).
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5.7.2. Kos3arue Bikuo TCP

VY mnpotokoni TCP "koB3aioue BIKHO" BHUKOPUCTOBYETHCS ISl PETYJIIOBAHHS
Tpadiky 1 3ano0iraHHs nepenoBHeHHs OydepiB.

Y TCP npuiimarouyuid By30JI BH3HA4Ya€ MOTOYHHUI PO3MIp BiKHA KOXKHOTO
nakety. Ockinbku 1o TCP-3'enHanHIO JaHl mepenarTbCcs Y BUTISIAI MOTOKY
O0alT, po3MipH BIKOH TEX BHPaXKAIOThCS B OailiTax. TakuM YMHOM, BIKHO SIBJISIE
c00010 KIIBKICTh OaWlT JaHMUX, SKI BIJNPABHUK MOXKE MOCIATH IO OTPUMAHHS
MiATBEpPKEHHS Tpuiiomy. IlodaTkoBi po3MipW BIKOH BH3HAYAIOTHCA TIPU
HACTpPOUIl 3'€qHAHHS, ajlé MOXYTh 3MIHIOBATHCS TpPU Iepeaadi AaHUX IS
yHIpaBiiHHS noTokoM. Hanmpukian, HyJIb0BUH po3Mip BiKHA 03Hauyae 3a00pOHY Ha
nepeaavy JaHuX.

Ines "xoB3arouoro BikHA" BioOpaxkeHa Ha puc. 5.12. Tyt nepenbavaerbes, 1110
mupuHa BikHa JopiBHIOE 7 (k=7; me 4ucio MOXXE MIHATHCS B JyX€ IIHPOKHUX

MEKax).

Bikno,

OJIep>KyBaueM

Bignpasineni _ . '
BianpagsineHni, ane MoskHa Bianpasisitu
Ta

' ' HE MATBEPKECHI BIIIPABIATH HE MOYKHa
I ITBEPIKEHI

Pucynok 5.12 - Cxema Bukopucrtanus “xos3atouoro BikHa” B TCP
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[Tepmmii mOKaXYMK BU3HAYAE TTOJOKEHHS JIIBOTO KParo BIKHA, BIIOKPEMITIOIOYH
MOCJIAaHUM CETMEHT, WI0 OJIepKaB MIATBEP/KEHHS, BiJ TOCIAHOTO CETMEHTY,
OTPUMAaHHs SKOTO HE MiATBEpKeHO. Jlpyruil MOKaKYMK Bi3HAYa€ TMpaBHM Kpai
BIKHA 1 yKa3ye€ Ha CETMEHT, SIKM MOkKe OyTH MOCIAHWH 10 OTPUMAaHHS 4YE€pProBOrO
MIATBEPKEHHs. TpeTiil MOKaKYMK MO3HAYa€E MEXKY BCEpEe/IMHI KOB3al0yoro BIKHA
MK TUMH CETMEHTaMH, 1[0 B)K€ HajicliaHi, 1 THMH, SIKI € HaJEKUTh HalCJIaTH.
OpepxyBad OpraHizoBy€ aHaJOTI4YHI BiKHA JJig 3a0€3MeYeHHS] KOHTPOJIIO MOTOKY
JaHuX. SIKI0 MOKaX4YMK 3 CHiBmaae 3 MOKaXYUKOM 2, BIJANPABHUK IMOBUHEH
nepepBaTy MOAaiblle BIJINPAaBICHHS MAaKETIB [0 OTpPUMaHHA Xo4ya O OJIHOrO
M1 TBEP>KECHHS.

Po3Mmip BikHa B CErMEHTaX BU3HAYAETHCS CIIBBIIHOIICHHSM:

window > RTT-B/MSS (cecmenmis),
ne: B — cMmyra nponyckaHHs KaHaiy B 01T/c,

MSS — MakcUMaNTbHUNA PO3MIP CETMEHTY B O1Tax,

RTT — vac po3nOBCIO/DKCHHS TTAKETy TYIH 1 Ha3al.

MakcumanbHo nonmyctumuii po3mip BikHa B TCP gopiBHioe 65535 06aiita

(3a12€THCST PO3MIPOM TIOJIA).

5.7.3. PeryatoBannus Tpagiky

Mertoro perymtoBaHHS TpadiKy € BCTAaHOBJICHHS BIAMOBITHOCTI MIX TEMIIOM
nepeaadi 1 MOKJIMBOCTAMH nipuiiomy. [IpuumHOIO TIepeBaHTaKeHHS MOXKe OyTH HE
TIIBKH OOMEXEHICTh po3Mipy Oydepa, ane 1 HeJOCTaTHS MPOITYCKHA CIPOMOKHICTb
SAKOICh NUISTHKHU KaHaTy.

PerymioBanus tpadiky B TCP mepenbauyae icHyBaHHS JBOX HE3aJ€KHUX
NPOLIECIB: KOHMPOAb O00CMAEKU, 110 YIPABISIETHCS OJEpKyBaueM 3a
JOTIOMOT0I0  TapameTpa window  (BIKHO  Ojep)XyBayda), 1 KOHMPOJib

nepesanmajrcennsa, 10 YIPABIAETHCS BIANPABHUKOM 3a JOMNOMOIOI0 BIKHA
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nepeBaHTaxkeHHa cwnd (congestion window) 1 mOpory MOBUIBHOTO CTapTy
ssthresh (slow start threshold). llepmwuii mpoiec BIICTEXY€E 3alMOBHEHHS
BXiTHOTO Oydepa oaepKyBaua, APYyruil — peecTpye MepeBaHTaXKEHHS KaHaly, a
TaKOXX TIOB'sS3aHI 3 IIMM BTpaTu 1 3HWXKYE piBeHb Tpadiky. IIpormec, o
yIpaBjsg€e MEPECUIKOI0, HIKOJHM HE BIANPAaBUTH OiJblle OalT, HIX II€ 3aJaHO
cwnd 1 OTOJIOIIEHUM OJIEPKYBaueM 3HAYCHHIM window.

[Tpu inimiami3amii 3'eIHAHHA BIKHO TIepeBaHTaxeHHs (cwnd) Mae MUPUHY PIBHY
MaKCUMaJbHOMY cerMeHTy (MSS), skuil Moke OyTH BHKOPUCTAHUA B JaHOMY
KaHail. BianpaBHUK Mocuiiae TakKui CerMeHT. SKIo MiATBEPPKEHHS Halliae o
3aKIHUCHHS 4acy TallM-ayTy, po3Mip BiKHA MepeBaHTaKECHHS (cwhnd) MOABOIOETHCS 1
NOCUJIA€EThCSI  JIBA  CETMEHTHM  MaKCHUMallbHOi  JoBkuHHU. [lpm  oTpumanHi
MIJTBEP/PKCHHS]  JJOCTaBKM  KOXKHOTO 3 CErMEHTIB BIKHO IEPEBaHTAKCHHS
301IBbIIYEThCS HA OJMH CErMEHT MaKCHMalbHOI JOBXKUHHU. Konu mmpuHa BikHA
MEepeBaHTAXEHHS CTa€ PIBHOIO X CETMEHTIB 1 BCl X MOCIaHl CETMEHTU OJEPKYIOTh
NIATBEPKEHHSI, BIKHO MEPEBAHTAXKEHHS 3pOCTAa€ HAa YUCIO OalT, M0 MICTATHCS B
IIUX cerMeHTax. TakuM 4MHOM, IUPUHA BiKHA MepeBaHTaxxeHHs (cwnd) TIOCIITOBHO
MOJBOIOETHCS 10 TUX IIp, MOKH JOCTAaBKa BCIX CErMEHTIB MiATBEPIKYETHCS.
3pocTaHHsi IIMPUHU BIKHA TEpeBaHTaXEHHS (cwnd) Tpu 1OMY Mae
eKCIIOHEHLIanbHul xapakTep. Lle mpoaoBkyeTbCs 10 TUX Mip, MOKW HE HACTYIHUTh
TalilM-ayT, a00 BIKHO NIEPEBAaHTAXEHHS HE TOPIBHIETHCS 3 BIKHOM OfiepKyBaya. Taka
MpolLIeTypa 1 HA3UBAETHCS HOGLILHUM CHIAPMOM.

KpiMm BikOH mepeBaHTa)keHHs 1 onepxkyBadya B TCP BUKOPHCTOBYETBHCS TpETIid
napameTp — nopie (1HOJI BIH HA3MBAETHCS MOPOrOM IOBUIBHOTO CTapTy Ssthresh).
[Tpu BcTaHoBneHHI 3'enHaHHs Ssthresh=64 KoOait. Y pa3i BUHUKHEHHS TailM-ayTy
3HaueHHS ssthresh poouthcs piBHUM cwnd/2, a came 3HaYeHHS! cwnd PUPIBHIOETHCS
MSS. Jlami 3amyckaeThcsi Tpoleaypa TOBUIBHOTO CTapTy, W00 3'sicyBaTH
MOJKJIMBOCTI KaHaiy. [Ipu 1boMy ekcroHeHIialbHe 3pOCTaHHs cwnd 31CHIOEThCS
ax N0 3HaueHHs ssthresh. Komu et piBeHb cwnd Oyae NOCATHYTUN, TOAANbIIE
3pOCTaHHSl BIOYBA€THCS JIHIMHO 3 MPHUPOCTOM HAa KOXKXHOMY KpOIll piBHUM MSS

(puc. 5.13).
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Talim-ayT

BikHO nepeBaHTaxkeHHA , KGawir

/I [ S IS [ S (S NN O U N A N N I
2 4 6 8 10 12 14 16 18 20 22 24

Homep nepepavi

Pucynok 5.13 - EBonronis mupuHU BIKHA PU MOBLILHOMY CTapTi

B npomy mpukiani nependadaerbes, mo MSS = I Koaiir. [louyaTky miarpamu
BI/IMOBIa€ yCTaHOBKA 3HaUeHHs ssthresh=32 Ko6aiit. JlaHa cxeMa 103BOJIsI€ TOYHIIIE
BuOpaTu 3HaueHHa cwnd. Ilicna Ttaiim-ayTy, sKuii Ha MaJOHKY BiAOyBCS TpH
nepenayi 3 HoMepoM 13, 3HaueHHs mopory 3HuXKyeThes 0 20 Koait (=cwnd/2).
[lupuHa BikHAa cwnd 3HOBY MOYMHAE POCTHU BiJ Nepenayl 10 nepenayl, MOYMHAKYH 3
OJTHOTO CETMEHTY, aXX JI0 HOBOTO 3HaueHHs nopory ssthresh=20 Ko6aiit. Ctpareris 3
€KCIIOHEHI1aJbHOIO 1 JIHIAHOK AUISIHKAMU 3MIHU IIMPUHU BIKHA MEPEBAaHTAXKEHHS
J03BOJIsI€ MPUOIM3HO HAOJIM3UTH CEpeqHE HOro 3HaA4Y€HHS N0 onTuMaibHOro. s
JIOKaIbHUX Mepex, ne 3HaueHHs RTT € nocuth HEBETUKUM, a BIPOTIIHICTh BTpaTH
NaKkeTy Maja, ONTUMI3allisl 3aJaBaHHsl cwnd HE TaK ICTOTHA, K Yy pa3l MPOTSKHUX
30BHIIIHIX (HAMPUKIIAJl, CYITyTHUKOBHUX ) KaHAJIIB.

Jlns  B3aemMHOro  y3rojukeHHsi onepamii B pamkax TCP-mpotokoiy
BUKOPHUCTOBYETHCS YOTUPH TalMEPH.

1. Taitmep noemopnux nepedau (retransmission; RTO) koHTpoaroe dYac
npuxony miareepkers (ACK). Taitmep 3anmycka€eTbCsi y MOMEHT MOCUJIKU CETMEHTY.

[Tpu otpumanHi Biaryky ACK no 3akiHueHHs yacy TaiiMepa, BiH CKMIA€ThCS. SIKIIO
180



XK yac Taiimepa 3akiHuyeThcsi 10 mpuxony ACK, cermMeHT mocuiaeThcsi aapecaTy
MOBTOPHO, a TakMep Mepe3anyCKaeThCsl.

2. Taiimep 3anumie (persist timer) KOHTPOJIOE dYac OYIKYBaHHS, KOJH
npuiiMagbHE BIKHO 3aKpUTO (SKIIO BY30J1-OJEpXKyBau HAJICIAaB MOBILAOMIICHHS 3
window = (), BY30JI-BIANIPaBHUK ITOBUHEH NPHU3YNMUHUTH Tepenady). Ilpu 3MiHi
CUTYallil 0JIepKyBay MOCUJIA€ CErMEHT 3 HEHYJIbOBUM 3HAYEHHSM IIMPUHU BIKHA, 1O
J03BOJIUTH BIANPABHUKY BITHOBUTH CBOIO poOOTy. Aje SKIIO el Taker Oyne
BTpPA4YeHO, BUHUKHE CUTYaIlisl, KOJU KOXHA 13 CTOPIH YeKaTUME CUTHaJ BiJl MapTHEpA.
Came y wiil cutyallii 1 BAKOPUCTOBY€ETbCA Taiimep 3anuTiB. [1icas 3akiHUEHHS 4dacy
OO TaliMepa BIANPaBHUK BIAIPABUTH CEIMEHT aapecatry. Biaryk Ha meil cerMeHt
MICTUTUME HOBE 3HAUEHHS IIMPUHM BikHA. TailiMep 3amycKaeThCcsl KOXKHOTO pasy,
KOJIM OJIEP’KaHO CErMEHT 3 window = 0.

3. Taimep konmponio npauezoamnocmi (keep-alive) peectpye dhakTu BUXOIY
3 Jagy abo mepe3aBaHTAaKEHHS BY3JiB, 110 OepyTh ydacTb B 3'eaHaHHI. Yac 3a
yMOBYaHHSAM JopiBHIOe 2 roauHaM. Keepalive-taiimep He € wyactuHoro TCP-
cnerudikamii. TaliMep KOpUCHUI 1Jig BUSIBIIEHHs cTaHiB cepBepa "half-open", sxi
BUHUKAIOTh 3a YMOBH, IO KJIIEHT BiIKIIOYUBCS (HANpPUKIIAJ, KOPUCTYBad BUMKHYB
CBIl TEepCOHAIbHUN KOMI'IOTEp) HE BHUKOHABIIM MPOIENYpPY 3aBEPILEHHS CEaHCy.
[Ticnst 3akiHUeHHS 4yacy TaliMepa KJIIEHTY MOCUIAEThCS CETMEHT MEPEBIPKU CTaHy.
Skuio npotsirom 75 cekyHJ He OyJle ofep)kaHui BIATYK, CEpBEp MOBTOPIOE 3anut 10
pa3iB 3 MEPIOAMYHICTIO 75 CIK, MICIS 4OTO0 3'€IHAHHS po3puBaeThes. [Ipu orpuManHi
OyIb-SIKOTO CETMEHTY BiJ] KJIIEHTa TalMep CKUIA€ThCA 1 3aIlyCKAETHCS 3HOB.

4. 2MSL-maiimep (Maximum Segment Lifetime) koHTpo:t0€e yac nepeOyBaHHs
kaHany B craHl ouikyBaHHA (TIME WAIT). 3nauenns Taiimepa 3a yMOBYaHHSAM
nopiBHtoe 2 xBuianHaMm (FIN_ WAIT-raiimep). Taiimep 3amyckaeTbcsi Mpyu BUKOHAHHI

npoliexypu active close y MoMeHT nocuiku octanaboro ACK.
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5.7.4. ®opmat TCP-nakery

Hani TCP inkancymooTbes (BKIagaThes ) B IP-gaTarpamy, sk MmokazaHo Ha

puc. 5.14.
“ IP-patarpama >
«— TCP cermesT >
Saronoeock [P Saromosok TICP Ham TCPE
20 bafT 20 bafT

Pucynok 5.14 - Inkancynsuis TCP nanux B [P-gatarpamy.

[Tons 1 moBHwmit popmat TCP-makeTy nokaszani Ha puc. 5.15.

[Tonma TCP-nakery.

o [Topm Oxcepena i nopm oodeprcysaua. ToukHu, B SIKMX NPOLECH BEPXHHOTO
PIBHSI JIKepena 1 ofep)kyBaua npuitMaroTs nociyru TCP.

o [lopaiokoeuit nomep — HoOMep mepumioro OaliTa JaHUX B TOTOYHOMY
noBigomiieHHl1. [Ipu 3HauenHi npanopa SYN=1 B ubomMy noJi jgexuth koa ISN (Initial

Sequence Number)- mo4aTKOBHII HOMEp TMOCIITOBHOCTI, SKUH BUOMPAETHCS IS

KOHKPETHOTO 3'€THAHHS.

0 56 2 10 15 16 51

IlopT opepmveata

Ilopt pwepena

IlopankoEnit HoMep

Homep nigteepo®enaa

SMINEHHA
TaHHE

Pesepe Ilpanopn Bixno

Eontponnua cyma Iloramyuny TepMIHOBOCT

Ilapamerpn 1 oo

Ham (amiEHoi ToBEHHHE)

Pucynok 5.15 - ®opmar TCP-nakety
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o Homep niomeeposcennsa. IlopsnkoBuii HOMep HaCTyITHOTO OaiiTa MaHUX, STKAM
OUiKy€ OTpUMATH OJiepKyBad. BpaxoByeThCs TUTBbKH, SKIO NMPUCYTHIN npanop ACK.

o 3mingenna oanux. Yucno 32-po3psaHux ciiB B 3arosioBky TCP.

® Pezepe. Obnacth, 3ape3epBOBaHA ISl BAKOPUCTaHHS B MallOyTHHOMY.

o IIpanopu. lTlone, sike MICTUTh YIpaBJAOUYy 1HQOPMAIIIO 1 CKIATAETHCS 3
HACTyMHUX OiTiB (3J1iBa HA MPaBO).

URG — nokaxuuk Baxsuoi iHpopmarttii (URG =1 — indopmaliisa Baxiuga).

ACK — HOMEp OKTETY, IKUW MOBUHEH NPUNTH HACTYyHUM, paBmiibHUN (ACK=1).
PSH — cermenT BuMarae BukoHanHs omnepauli push (PSH=1). OxepxxyBau noBuHeH
nepeIaTu 1l JaHl MPUKIagHIN Iporpami moHanIIBUIIIE.

RST — nepepuBanns 38'13Ky (RST = 1 — ogepKyBay NOBUHEH NEpEePBATH 3'€THAHHSA).
SYN — mnpanop nansi cuHXpoHi3auii HomepiB cermeHTiB (SYN=1 — onepxyBau
MOBUHEH BUKOHATH MPOIIEAYPY BCTAHOBIICHHS 3'€/IHAHHS).

FIN — 3akinuenns nepenadi (FIN =1 — BignpaBHUK 3aKIHUMB MOCUJIKY OalTIB).

e Bikno. Po3mip mpuiimManbHOrO BiKHA Ojiep>KyBada. Bu3Hauae CKUIbKU OaiT
MO>Ke OyTH MOCIaHo, Micis 0aiTa, 10 OJepKaB MiATBEPKEHHS.

e Konmponona cyma. BUKOPUCTOBYETHCS JIi KOHTPOJIIO TMOMWJIOK Iepesadi
3aroJIoBKa.

o [Tokasicuux mepminogocmi. € TOKAXINKOM OCTAaHHHOTO OaiiTa, IO MICTHUTH
1H(popMallito, sSika BUMarae HeraiiHoro pearyBaHHs. [losie Mae ceHc e nmpu mpamopi
URG = 1, axuii BiI3HAYa€ CErMEHT 3 NIEPIIUM OalTOM “BaxIiMBO1 iHGopMarlii”.

o ITapamempu i onuii. Pi3ui nonarkosi mapamerpu TCP.

o /lani. [undopmartisi BEpXHBOTO PIBHSIL.

5.8. IIporoxkoa UDP

[Iporokon mepenaui mararpam kopuctyBaya UDP (User Datagram Protocol —
UDP) sBnse co60r0 mPOTOKON TPAaHCHOPTHOTO PIiBHS, IO MPAIO€ B pexumi 0e3

BCTAHOBJIEHHSI 3'€THAHHS 1 HE MOTpeOye MiITBEp/HKEHHS OJep:kKaHHs mnakeTiB. [lo
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cyti, UDP € intepdericom mix I[P 1 mportokomamu BepxHboro piBHS. I[loptu
npotokony UDP Bka3yroTh Ha NpHUKJIaJHI MPOrpaMu, 110 BEAYTh Mepeaady JTaHuX.

Ha puc. 5.16 nokasana inkancyssiiss UDP natarpamu B IP natarpamy.

IP patarpama

K——UDP patrarpama———}

3aronoBOK | 3arofloBoK
P UubP

20 6ant 8 banT

aaHi UDP

Pucynok 5.16 - UDP inkancymsiris

Ha Bimminy Big TCP, UDP He nonae IP mHamifiHOCTI, KepyBaHHS ITOTOKOM, abo
dbyHK1iM BunpaBieHHs noMmwiok. Yepes mpocroty UDP #oro 3aronoBku KopoTiie i
BUMArarTh MeHIle pecypciB mepexi, Hix TCP.

UDP «kopucHuii y cuTyalisiX, KOJM TOTYXHI MEXaHI3MU 3a0e3MeueHHS
HaziiHOCTI TpoTokoiny TCP He 000B'A3K0OB1, HATPUKJIIAA, KOJIM KEPYBaHHS MOTOKOM 1
KOPEKIIIF0 TOMIJIOK MOKHA MOKJIACTU HA TTPOTOKOJI BEPXHBOTO PiBHSI.

®opmat nmakera UDP MIiCTUTh 4OTHpH TIOJIS: TIOPT JKepesa, opT oJiepKyBaya,

JIOBXKHMHA ¥ KOHTpOJibHA cyMa (puc. 5.17).

0 15 16 31

16-6iT HoMep nopTa slonpaeHWKa 16-BiT HOMEP NOPTa OTPHMAEAYE

16-6it goexwmna UDP 16-6iT KOHTpONEHa cyma LUDP _J‘

HaHi {AKwo £)

Pucynok 5.17 - ®opmar nakera UDP

[Tonst mopTiB BiANpaBHUKA i OTpUMyBaya MICTATh 16-po3psaHi HOMEpPHU MOPTIB

npotokosry UDP, 1o Bka3zyloTh Ha MPOTOKOJU M CIIYKOW MPUKIATHOTO PIBHS, SIKI
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BUKOPHUCTOBYIOTh mpoTokosl UDP y skocti TpancmoptHoro. Ilome moBxuHu
Bu3Hauae po3mip UDP-3aronoBka it nanux. Ilone KOHTPONBHOT CyMH CIYXHUTb IJIs

nepeBipku 1iicHocti UDP-3aronoBka it 1aHux.

5.9. OcobauBocTi nporokoay IPv6

Hanpukinmi 1992 poky chiBroBapucTBO IHTEpHET ANl BUPIMIEHHA MPoOJIeM
aJIPECHOTO MPOCTOPY 1 pAly CYMDKHHUX 3a7a4 po3pOOUIIO TPU MPOEKTH MPOTOKOIMIB:
“TCP and UDP with Bigger Addresses (TUBA)”; “Common Architecture for the
Internet (CatnIP)” # “Simple Internet Protocol Plus (SIPP). ITicnsa ananmi3y BCIX IUX
nporno3uiliii OyB npuiiHaTH HOBUM mporTokon IPv6 3 [P-agpecamu, 1mo MaroTh
noBxkuHy 128 61T 3amicTh 32 Oit y Bepcii [Pv4.

[Pv6 sBnsie co60r0 HOBY BEpCil0 MPOTOKOMY IHTEpHET, 10 € CHAJKOEMUIIEIO
Bepcii 4. BigminnocTi [Pv6 Big [Pv4 MokHA pO3IITUTH HA HACTYITHI TPYIIU.

Po3wupenns aopecauii

B IPv6 nosxuna aapecu posmupeHa go 128 Oit (mpotu 32 B IPv4), 1o
JI03BOJIIE 3a0e3meyuTd Oulblllie PIBHIB 1€papxii ajapecarlii, 30UIBIIMTH YHUCIIO
aJpecoBaHMX BY3JdiB, CHOPOCTUTH aBTOKOH(IirypyBanus. [ns  posmupeHHs
MO>KJIMBOCTI TPYMOBOi (MYJBTUKACTHHT) MapIIpyTH3allii B aJpecHEe TMOJe BBEIACHO
cyonone "scope" (rpyma aapec). BuzHaueHo HoBui Tum agpecu "anycast address"
(eHIKAaCTHUI), 110 BUKOPHUCTOBYETHCS JJI TOCHIIKM 3alUTIB By3Ja OyAb-sKiil rpyii
MapuipyTu3atopiB. EHikacT-aapecalis npuU3HayeHa [Jisi BUKOPUCTaHHS 3 HaOOpoOM
B3a€MOJIIFOUUX MAPUIPYTU3ATOPIB, YHi aJIPECU HEB1OMI1 KIIIEHTOBI 3a3/1aJIET1/Ib.

Cneuudpikayia popmamy 3a20106kie

Hesxi mons 3aronoBka IPv4 BiakugaroThCss ab0 poOOIATHCS OMIIOHHUMM,
3MEHIIYIOYH BUTPATH, TOB'SI3aHI 3 OOpOOKOIO0 3aroJIOBKIB MAaKEeTiB ISl TOTO, 100
3MEHIITUTH BIUIUB 301IBIIICHHS JIOBXKHHM aapec B IPv6.

Iokpawena niompumka po3uiupens i onuii
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3miHa KoayBaHHS o [P-3arosoBkiB 103BOISE TOJIETIIUTH TIEpeaapecaliito
MAaKEeTIB, MOCIA0II0e OOMEXKEHHS Ha JOBXKHUHY OIIINA 1 poOUTh OLIBII JOCTYITHUM
BBEJICHHSI IOAATKOBUX OILIA Yy MallOyTHbOMY.

Mostcnugicmop no3HauKu NOMOKIE OAHUX

BBeaeHO MOXKIIMBICTD MMO3HAYATH MAKETH, [0 HAJIEKATh MIEBHUM TPAHCIOPTHUM
MOTOKaM, I SIKUX BIJANPAaBHUK 3alPOCHUB MEBHY MPOIEAYpPY OOpOOKH, HAPHUKIA,
HectannapTHuid tun TOS (Bua mocmyr), abo uist 0OpoOKM JaHUX y peallbHOMY
MaciiTadi Jacy.

Ioenmudpixkayia i 3axucm npueamuux 0OMinie

B IPv6 BBeneHa crienudikariiis ieHTudikaiii MepexxHux 00'ekTiB a00 Cy0'eKTiB

JUTs1 3a0€3MeUeHHs ITICHOCTI IaHUX 1, Mpu OakaHHI1, 3aXUCTy MPUBATHOI 1HGOpMaIIii.

5.9.1. OcobauBocTi agpecanii B IPv6

30inbuteHHsa po3pAOHOCHI ROJIA adpecu

Hoga, mocra Bepcis nmporokoiy [IPv6 BHecna icTOTHI 3MiHM B CUCTEMY ajipecartii
IP-mepex (RFC 2373). Anpeca IPv6 cknanaetbest 3 128 6iT abo 16 Gaiit. OOpana
nowxuHa [P-anpecu moBuHHA HAOBro 3HATH Mpodiemy nedimuty [P-agpec. Onnax
Take 3Ha4yHe 30UTbIIECHHS JAOBXHUHM ajpecu Oysio 3po0JeHO HE TUIbKU ¥ HaBITh HE
CTUIbKM JJi1 3HATTA nOpobinemu AedIUUTy ajapec, CKUIbKK IS MOAANbIIOTrO
MiABUIICHHS epeKTUBHOCTI poOboTH Behoro creka TCP/IP. T'onoBHOIO MeTOrO 3MiHM
CUCTEMU ajpecallii OyJ0 He MeXaHIuyHe 30LIbLIEHHS PO3PSIHOCTI aJpecH, a 3MiHa
1oro (yHKIIOHAJIBHOCTI 32 PAXYHOK BBEJICHHS HOBUX TOJIIB.

3amicTh KOJUIIIHIX IBOX PIBHIB l€papXii aapecu (HOMEp Mepexi il Homep By3Jia)
B [Pv6 mpomnoHyeThCs BUKOPUCTOBYBATH YOTHPH PiBHI, BKIIOUYAIOUHW TPHOXPIBHEBY
11eHTU(IKAIII0 MEPEXK, 1 OJUH PIBEHb s 11eHTU(]IKaIli By3/1iB MEpexki. 3a paXyHOK
30UTBIIICHHS YKCIIa PIBHIB l€papxii B aJipeci HOBUM MPOTOKOJI €(EeKTHUBHO MiITPUMYE
texHosoriio arperyBanns ajapec (CIDR). 3aBasku 1boMy, a TaKOX YJIOCKOHAJICHIM
CUCTEMI TPYMOBOI ajpecarlii 1 BBEACHHIO aJpec HOBOTO TUITYy “‘anycast”, HOBa BepcCis

IP n03BOJIsI€E 3MEHIITUTH BUTPATH HA MapIIPyTU3AILIIO.
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Hoega ¢popma 3anucy adpecu

Po3poOHuKY cTaHaapTy BiAMOBHIIMCS Bif AeCATKOBOI (hopmu 3ammcy IP-anpecw,
0 AyX€ He3py4yHa IMpU BHU3HAYEHHI HOMEpa MEpexi, KOJIM TpaHUlll MacKd He
30iraeTbes 13 rpanunero 0aiTiB aapecu. B IPv6 BUKOpPHCTOBY€EThCS HIICTHAIISATKOBE
MPEACTABICHHS — 8 CErMEHTIB M0 4 WIICTHAALSATKOBUX LU(MPHU, MPUUOMY KOXKHI
YOTHPU IIICTHAALATKOBI HMUGPHU BITOKPEMIIIOIOTHCS OJIHA BiJ OJHOI JBOKPAIKOIO.
Hanpuknan:

FEDC:0A98:0:0:0:0:7654:3210.

Skmo B aapeci € J0Bra MOCHIAOBHICTh HYIIB, TO 3allUC aJIpecd MOKHA
ckopoTuTu. Hanpukian, HaBeAeHy BUIIE aJpecy MOXKHA 3allUCaTH TaK:

FEDC:0A98::7654:3210.

CkopoueHHs “::” MOK€ BXKMBATHUCS B apeci TUIbKH OJHUH pa3. MoxkHa TaKox
OITyCKAaTH HE3HAYYII[l HYJII Ha MTOYAaTKy KOKHOTO TOJISI aJIpECH, HAPUKIIA]T, 3aMiCTh

FEDC:0A98::7654:3210

MOXHA MUCATH

FEDC:A98::7654:3210.

Jns Mepex, 1o MATPUMYIOTH oOuIBI Bepcii mpotokony IPv4 it IPv6,
JIO3BOJIAETHCS BUKOPHUCTOBYBATH 11 MoJiommux 4 Oalt Tpamumiitaui s [Pv4
JECATKOBHM 3amuc, a ajis ctapmux 12 6aiT — BusHaveHy mist [Pv6 mricTHaausITKoBy
bopmy:

0:0:0:0:0:FFFF:129.144.52.38,

abo

::FFFF:129.144.52.38.

5.9.2. Tunum agpec

VY Bepcii IPv6, Ha BiamiHy Bix Bepcii IPv4, BiacyTHe NOHATTS Kilacy Mepexi (A,
B, C it D) 1 noB's3ana 3 HUM (pikCoBaHa po30MBKa aJpecy Ha HOMEP MEPEX1 1 HoMep
By3J1a [0 TPAHUIISIX OAMT.

B IPv6 BU3HAau€HO 3 OCHOBHUX THIIH aJpEC:
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e unicast;
e multicast;
e anycast.

Tun aapecu 3agaeTbCsd 3HAYCHHSAM JCKUIBKOX CTapIIUX OIT ajpecH, SsKi
Ha3UBaIOThCS npedikcom dhopmary.

Anpeca “tumny ‘“unicast’ BU3HAYa€ YHIKAIbHUM 1IEHTU(DIKATOP OKPEMOTO
iHTEepdeiicy KiHIIeBOro By3ja abo Mapuipytuszatopa. [Ipu3HaueHHs LBOro THITY
azpecu 30iraeThCs 13 MPU3HAUCHHSM YHIKaIbHUX ajapec y Bepcii IPv4 — 3 ixHbOIO
JIOTIOMOT'OI0 TIAKETH JOCTaBIIAIOTHCS IEBHOMY 1HTEp(EiiCy By3iia MPU3HAUCHHS.

Anpecu Tumy ‘“unicast” IUIATBCS Ha KUIbKA MIATHINB IS BigoOpakKeHHs
cnequ@IiKyd JESIKUX CHUTyallid, [0 4YacTO 3YCTPIYalOThCs B CYYacHIN CKJIaJEHIN
Mepexi.

Anpeca tuny “multicast” — rpynoBa ajgpeca, aHaJIOTIYHA IO MPU3HAYEHHIO
rpynoBii aapeci IPv4. Bona mae npedikc popmary 1111 1111 # inentudikye rpymy
iHTepdeiciB, MO BITHOCATHCSA, SIK MPaBWIO, 10 pI3HUX By3idiB. llaker 3 Takoro
aJpecor0 JIOCTaBISIETbCA BCIM 1HTepdencaM 13 1€ aapecoro. AJpecu THILY
“multicast” BukopucToBytOThCS B IPV6 1 1my1s 3amiHu mmpokoMoBHUX azapec. s
IIOTO BBOJUTHLCS OCOOJIMBA ajjpeca rpyIiu, 0 MOEAHYE BCl iHTepdencH TiaMepexi.

VY Bepcii [Pv6 rpynoBa aapeca Mae o3Haky po3mipy abo Maciirady (scope), 110
Oyna BIICYTHsI B IpymoBiit aapeci Bepcii IPv4. [{g o3Haka 103B0oJIsIE THYYKO 3a1aBaTh
obJsacTh 11l TpynoBoi ajgpecu. BoHa Moxe sBJISITU cOOO0, HAMIPUKIIAJ, TUIBKU OJAHY
nigMepexxy, abo Bcl MiIMEpexl JaHoro MmiaAnpueMcTBa, abo Bech Internet. Lle
CIpoILye POOOTY MapIHIPYTHU3ATOPIB, SIKUM HEOOXITHO BHUSIBISTA BCl BY3JH, IO
BIJIHOCSIThCA 110 siIKOi-HeOynb rpynu. Ille oaHa o3Haka 3amae TUN Ipynu — NOCTiHA
ab0 TUMYacoBa.

MynbTUKaCTUHT-aApEeCH MaloTh HaCTynmHuM popmar (puc. 5.18).

[MocmimoBuicts 11111111 Ha mowatky azapecu 1AeHTH(IKYe aapecy sK
MYJIBTUKACTUHT-aJIPECY.

Crapui 3 mpanopu 3ape3epBOBaHi i MOBUHHI MICTUTH HYJII.
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Axmo werBeptuil npanop T = 0, 11e BKa3zye Ha Te, M0 aApeca € CTAHIAPTHOIO
(“well-known™) TpymoBorw aapecoro, OQIIIAHO BHAUICHOI I TJI00aTEHOTO

BHUKOPHUCTAHH: B IHTepHeT.

8 OiT 4 biTa 4 biTa 112 OiT

11111111 | lNpanopwu Scope laeHTudikaTop rpynu

Pucynok 5.18 - @opmaT MyJIbTUKACTUHT-aJIPECH

Axmo T = 1, To gana rpymnosa ajgpeca npu3HaueHa TUM4YacoBo (“‘transient”).
[Tone “scope” sBnsie cobOow 4-01TOBUM KOJA Tpynu, MNPU3HAYCHUN JIs
BU3HAYCHHS TPaHWYHOI oOsacti nii rpynu. JlomycTuMmi 3HaY€HHS IOJs HaBEJCHI B

Tabmuin 5.5.

Tabmui 5.5 - Jlomyctrmi 3HaAYSHHS OIS “‘scope’

Ilone 3HaueHHS Ilone 3HaueHHS
“scope” “scope”

o01acTe i oOMexeHa

0 3ape3epBOBAHO 8 .
JIOKAJTbHOKO OPTaHi3alli€ro

00J1aCTh mi oOMexeHa

1 9 HE BU3HAYEHO
JIOKQJIbHUM BY3JIOM
00J1aCTh il obMexeHa

2 A HE BU3HAYEHO
JIOKAJIbHUM KaHAJIOM

3 HE BU3HAUYEHO B HE BU3HAYEHO

4 HE BU3HAYEHO C HE BU3HAYEHO
00J1acTh i oOMexeHa

5 D HE BU3HAYEHO

JIOKAJIbHOXO MCPECIKCIO

t

6 HE BU3HAYCHO riobanbHi Mexi (global scope)

sy

7 HE BU3HAYEHO 3ape3epBOBAHO

Anpeca tuny “anycast” — 11e¢ HOBUI THUII aJIpecH, 1110 TaK caMo, sK 1 “multicast”,
BU3HAYAE TpyIy iHTep(dEciB. Ajie MakeT 3 TAaKOK aIPECOI0 JOCTABISIETHCS OJTHOMY 3

1HTEeppEHciB TpynH, SK NpaBWwiIo, “HaWOMMHKYOMY” BIAMNOBIIHO 1O METPHKH,
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BUKOPHCTOBYBaHOI MPOTOKOJamMH MapuipyTtu3amii. CHHTaKCMYHO anycast-aapeca
HIYMM HE BIAPI3HIETHCA BiJ aapecu TUMy “unicast”. BoHa mpu3HayaeThes 3 TOTO K
Jiarma3oHy ajapec, Mo M unicast-ampecu. Ajnpeca Tumy ‘“‘anycast” Moxe OyTu
npu3HaueHa TUTbKU 1HTepdeiicam MapuipyTuszaropa. [aTepdelicn MapuipyTu3zaTopis,
10 BXOJATH B OJHY anycast-rpynny, MarTh 1HIMBIAYyaJlbHI unicast-ajgpecu i, Kpim
TOTO, 3arajibHy anycast-aapecy.

Anpecu Takoro THUIy OpIEHTOBaHI Ha 3aCTOCYBaHHS MapUIpyTH3allli Bl
mxepena (Source Routing), Koiau MapuipyT MNPOXOJKEHHS MakeTa BU3HAYAETHCA
BY3JIOM-BIJIPABHUKOM  HUIIXOM  BKasaHHA  [P-ampec  BciX — MpOMDKHUX
MapuipytuszaropiB. Hampuknaa, mnpoBaiinep Moke TNPU3HAYUTH BCIM CBOIM
MapLIpyTU3aTopaM OJHY 1 Ty camy anycast-ajipecy 1 MOBIAOMHUTH ii aOOHEHTam.
Skmo aboHeHT Oaxkae, MO0 HOTO MAaKETH MEPEeNaBAIUCI Yepe3 MEPEXKYy IbOTO
npoBaiifiepa, TO HOMy JOCUTh BKa3aTu anycast-apecy B JIAHIIOKKY aJpec MapLIpyTy
Bil kepena. Ilaker Oyae mnepenanuil depe3 HAWOMDKYUN MapIIpyTH3ATOP
poBaitaepa.

Enixkacm-anpeca mMapuipyTuszatopiB cyoMepexi mae dopmar, HaBeJeHUN Ha

puc. 5.19.

n OiT 128-n OIT

Mpedikc cybmepexi 0000000000000000

Pucynok 5.19 - ®opmar enikact-agpecu

[Ipedikc cyOMepexi B eHIKacTHIM azapeci € mpedikcoM, 1o iaeHTudikye
neBHUM kaHail. [lsg eHikacToBa ajpeca € CHHTAKCUYHO 1JICHTUYHOK YHIKACTOBIM

aapeci 11 iHTepdeiicy kaHary 3 ieHTudiKaTopoM 1HTEpPEiCy, piIBHUM HYIIO.

JlokasnbHi aapecu
VY mocTiit Bepcii mpoTOKOITy, TaK caMmo, K W y YEeTBEPTIH, € aapecH, Mpu3HaA4YCHI

JUTSL JIOKaJIbHOTO BUKOPUCTAHHS, TOOTO B MEPEkKAX, 1110 HE BXOATh B Internet.
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Anpecu IS JIOKaTbHOTO BUKOPUCTaHHS TipencraBieHi B [Pv6  aBoma
pizHoBuaamu. [lo-mepiue, 1e agpecu A MEpex, HE PO3AUICHUX Ha MiAMepexi (He
BUKOPHUCTOBYIOTh MapiipyTu3aiiito). Bonu nasuBaroThes Link-Local 1 marors 10-
oitanit mpedike dopmary 1111 1110 10 (FE80::/10). Anpeca Link-Local mictuth
TUIbKH 64-po3psinHe mone ifaeHTudikaropa iHTepdericy. IHII po3psau, Kpim
npedikca dopMary, MOBHHHI OyTH HYJILOBUMH, OCKUIBKM IOTpeda B HOMEDI
miMepexi TyT BIACYTHSI.

[To-npyre, ne agpecu JIOKaJIbHOTO BUKOPUCTAHHS IS MEPEX, PO3AUICHHX Ha
nigMmepexi. Taki aapecu HazuBaroTh Unique Local Unicast, BoHu MaroTh mpedikc
dopmary 1111 110 (FC00::/7) 1, y HallmpOCTIIIOMY BUIMAJAKy — 0€3 BUKOPUCTAHHS
rJ100aIbHOTO 11eHTU(]IKATOPY Mpedikcy, MICTATh Y MOPIBHAHHI 3 ajapecamu Link-
Local nonatkoBe JnBoOaiiToBe Toie HoMepa migMepexi (16 Oit  mepen

1meHTudikaTopoM iHTEpdEiCy).

I'1o0anbHi arperoBaHi yHiKaJIbHi apecu

OCHOBHUM TIATUIIOM aJapecu Tumy ‘“‘unicast” € T1yoO0aibHA arperoBaHa
YHIKaJIbHa aJipeca, 10 Mpu3HaueHa 11 iaeHTudikamnii By3iiB B Internet. Taki agpecu
MOXKYTh arperyBaTHUCs JJi CIPOIEeHH MapiipyTu3aiii. Ha BimMiHy BiJ YHIKaIbHUX
aapec By3miB Bepcii [Pv4, siki ckiamaroThCs 13 JIBOX TOJIIB — HOMEpa MEpexi U
HOMEpa By3Ja, rI100alibHI arperoBaHi yHiKaJibHI aapecu [Pv6 mMaroTh G111 CKIAIHY

CTpyKTYpY (puc. 5.20), 110 BKIJIIOYAE TIICTh MOJIIB.

3 13 8 24 16 64
Mpedike ArperyBaHHs ArperyBaHHsA ArperyBaHHﬂ |neHTUdbiKaTOp
BEPXHbLOro HacTynHoro | MicueBoro : -
dopmarty . : . iHTepdgency
(FP) PIBH PIBRA PIBR (Interface ID)
(TLA) (NLA) (SLA)

Pucynok 5.20 - Crpykrypa rio6anbHOi arperoBaHoi yHikanbHo1 aapecu [Pv6
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[Tone mpedikca popmaty FP mst mboro Tumy agpec CKiamaeTbes 13 TPhOX OIT 1
Mmae 3HaueHHs 001.

Hactynni tpu monst TLA, NLA it SLA posrisgaioTbest K npedikcu TpboxX
piBHIB — BepxHbOro piBHs arperyBaHHs azapec (Top-Level Aggregation, TLA),
HactymHoro piBHs arperyBaHHs (Next-Level Aggregation, NLA) 1 miciieBoro piBHS
arperyBanHs (Site-Level Aggregation, SLA).

[Tpedikc Bepxuboro piBHsS — TLA — npusHaueHuit ans igeHTU(IKALIl BETUKUX
IpoBaiiiepiB caMoro BepxHboro piBHs. KoHKpeTHe 3HaueHHs 1bOro mpedikca sBisie
co0010 3arajbHy YacTHUHY ajpec, sIKl Mae JaHui mnposaiaep. [lopiBHAHO HeBenHMKa
KUIBKICTh PO3PSAIIB, BIABEACHUX Mija 1 noJie (To0To 13), BuOpaHa criemiasibHO ISt
OOMEKEHHS PO3MIpy TaOJIUI[h MapIIpyTHU3aIli B MariCTpaJibHUX MapHIpyTH3aToOpax
camoro BepxHboro piBHA Internet. Lle nmosie go3Bossie nmepenymepyBatu 8192 mepex
pOBaiifiepiB BEPXHbOTO piBHA. YMCIIO 3aMKCIB, IO OMUCYIOTh MAPLIPYTH MK LIUMHU
MepeXamMH, TakoXk OyJe oOMexeHO 3HaueHHsM 8192, mo mNpUCKOPUTH POOOTY
MaricTpaJibHuX MapuipyTu3atopiB. HactymHi 8 po3psniB 3ape3epBoBaHl s
po3mupeHHss B MailOyrHboMy mosisi TLA, skmo 8192 HOMEpIB MEpeK BUSBUTHCS
HEJIOCTATHIM Ha BEPXHbOMY PIBHI.

[Ipedikc nactymHoro piBHsS — NLA — mpu3Ha4YeHH A1 pO3MIIICHHS HOMEpIB
MEpeX cepenHix 1 ApiOHUX TpoBainepiB. 3HauHuil po3mip monst NLA mo3Bosise
IUIIXOM arperyBaHHs aJ[pec CTBOPIOBAaTH IXHIO OaraTOpPIBHEBY l€papxii, IO
BiJIoOpakae GaraTopiBHEBY 1€papXito MPOBaiiIepiB.

[Ipedikc micueBoro piBHs — SLA — npusHaueHuid Uil ajgpecanii MmiaMepex
OKpeMOoro a0OHEHTa, HaNpHKiIaA, MIAMEPEXK OJHIEI KOPIOPATUBHOI MEpexi.
[lepenbauaeThcst, MO MpoBalaep MPU3HAYAE NESIKOMY IMiIMPUEMCTBY HOMEp HOTO
MEepexi, 10 CKIamaeThesa 3 ¢ikcoBaHoro 3HaueHHs moniB TLA #t NLA, saxi B
CYKYITHOCTI € aHaJioroM Homepa mepexi Bepcii [Pv4. [Hmma yactuHa agpecu — mosis
SLA # inentudikatop intepdelicy — HaAXOAATh Y PO3NOPSIHKEHHS aaMiHicTpaTopa
KOPIOPATHUBHOI MEepeXki, TOOTO BiH MOBHICTIO YIpaBJsie MPOLEcOoM HOro GopMyBaHHs

1 HE TMOBHHEH TMIOTOJDKYBaTH IIed Tmporec 13 mpoBaigepom. [lpudomy mose
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imeHTudikaTopa iHTepdeiicy Mae IIIKOM BU3HAUYE€HE MPU3HAYEHHS — BOHO MOBHHHE
30epiratu Gpi3UUHY aIpecy By3Ja.

Ha 1mipomy piBHI TakoX MOKJIMBO arperyBaTd aJpecd HEBEIUKUX MIAMEPEK Y
OTBIII miaAMepexi 1 po3mip mosst B 16 61T 3a0e3neuye J0CTaTHIO CBOOOAY 1 THYUKICTh
1o0y/I0BH BHYTPIIIHLOKOPIIOPATUBHOT 1€papxii ajpec.

Inentudikarop inrepdeiicy (Interface ID) e anamorom Homepa By3ma IPv4.
Inentudikaropu iHTep(delciB BUKOPUCTOBYIOThCS B ajpecax TUMY ‘‘unicast” s
OJIHO3HAYHOTO BHU3HAYCHHS 1HTEpeEeNciB y Mekax SAKOi-HeOyJap MmiaMepexi.
Bigminnictio Bepcii IPv6 € Te, mo B 3araJibHOMYy BUIAJKy 1AeHTU(DIKATOP
1HTEpQeicy mpocTo 30iraerbcsa 3 Moro (I3MYHOIO aapecoro, a He sBIAE COOO0I0
JOBUILHO MPU3HAYCHUN aIMIHICTpATOpOM HOMED By3ina. IneHtudikarop iHTepdeiicy
Mae noBxkuHy 64 6ita. Lle no3Bomnsie momictutu Tynu MAC-anpecy Ethernet (48 6i1),
a6o agpecy X.25 (o 60 6it), abo agpecy kinneBoro By3ina ATM (48 6it), abo HOMep
BipTyasibHoro 3'eqHanHs ATM (mo 28 ©6iT), a TakoX J1a€ MOXKJIUBICTb
BUKOPUCTOBYBaTH JIOKaJbHI aApECH TEXHOJIOTIM, SKI MOXYTh 3'ABUTUCS B
ManOyTHboMy. Takuit mijgxin poOUTh HEMOTPIOHUM BUKOPUCTAaHHS MpoTokoiy ARP.
[Tponeaypa BimoOpaxkenns [P-agpecu Ha JTIOKaJIbHY aJipecy CTa€ TPUBIAIBLHOIO — BOHA
3BOJIUTHCA JO TPOCTOTO BIAKUIAHHS CTapiioi yacTuHu anapecu. Kpim Ttoro, y
OUTBIIOCTI BUMAJKIB BIJMANa€ HEOOXITHICTh PYYHOrO KOH(IrypyBaHHS KIHIIEBHUX
BY3JIiB, TOMY I1I0 MOJOJAIIY 4YacTUHY ajapecu (imeHtudikarop iHTepdeiicy) By30i
TI3HAETHCS BiJl amapatypu (MEpeXKHOTro ajanrepa W T..), a crapury (HOoMep
HiAMEpexi) KoMy MOBIIOMIISIE MAPILIPYTU3ATOP.

CrneniagabHi aapecu “unicast”

Kpim rriobanbHoi arperoBanoi aapecu, T0KJIaTHO PO3TIISHYTOI BUIIE, ICHYIOTH 1
HIII PI3HOBUAM aApecH TNy “unicast”. 3okpema, aapeca 3BopoTHOI el (loopback)
1 HeBW3HaueHa ajpeca. OOuaBI BoHM MawTh mpedikc dopmary 0000 0000 i
BIIPI3HSAIOTHCS TIABKM 3HAYCHHSM MOJOAMIOro Oita. Anpeca 3BOPOTHOI MeTi
0:0:0:0:0:0:0:1 rpae y Bepcii IPv6 Ty x poinb, mio i agpeca 127.0.0.1 y Bepcii [Pv4.

HeBusnauena anpeca ::, gKa CKJIaJAa€TbCA 3 OJAHUX HYJIB, € aHAJIOTOM aJpecu

0.0.0.0 mporokony Bepcii IPv4. Take 3HaueHHS TOBOPUTH MPO Te, MO Yy By3Ja
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BizicyTHs Ha3HadeHa [P-ampeca. Taka agpeca He moBuHHA 3'sBisATHCS B [P-TakeTax sk
azpeca MpHU3HAYCHHA. SIKIIO XK BOHA 3'ABIAETHCSA B IMOJII aApPECH JpKepena, TO 1ie
O3Hayae, MIO0 TAKeT MOCJIaHWi JO TOro, K BY30J BUBUMB cBow [P-ampecy
(manpuxman, no oxepxanus ii Bim DHCP-cepsepa).

IIle nBa pizHOBUIM unicast-aapec 13 mpedikcom Gopmaty 00000000 npuzHaueHi
1151 3a0e31eueHHs cymicHOCTI Bepceiit [Pv4 it IPv6.

Jnisa Toro, mo0 By3nmH, U0 MIATPUMYIOTH Bepcito mpoTtokony IPv6, mormum
BUKOPUCTOBYBAaTH TEXHIKY Iepenaui makeTiB [Pv6 uepes wmepexy IPv4 B
aBTOMATHUYHOMY PEXHUMI, PO3pPOOJICHO CIelialbHUN MIITUIl aJIpec, Kl MEePEHOCAThH
aapecy IPv4 y mononmux 4-x Oaiftax aapecu IPv6, a B crapmux 12-tm Gaiitax
aJpecu MICTATbCS Hymi. Takuil TUI unicast-aipec 3HAYHO CIIPOIIYE MPOLEAYPY
nepetBopeHHs ajpec "[Pv6-1Pv4" 1 HazuBaetses "IPv4-cymicanmu anpecamu [Pvo".

€ me onuH pizHOBHUA anpecu IPv6, mo mepenocuts aapecy IPv4 — e, Tak
3BaHa, “IPv4-BimoOpaxena aapeca IPv6”. Bona mnpusHaueHa uisi po3B’si3aHHSA
3BOPOTHOI 3a/1a4i — nepesadi naketiB [Pv4 yepes vactunu Internet, 1o npairor0Th 10
nporokony IPv6. Ileit Tunm agpecu sk 1 paHilie MICTUTh B 4-X MOJOAIIUX OaiTax
aapecy IPv4, B n'stomy Ta moctomy Oaittax aapecu IPv6 — oaunwuIl, a B cTapuimx
10-tu Gaittax — Hym, Opuauii B 5 Ta 6 OaiiTax BKa3ylOTh Ha T€, IO BY30J
HIATPUMYE TUTBKU YETBEPTY Bepcito mpoTokoiry IP.

IcHye cnemianbHU MiATHI unicast-aapecu, NPU3HAYEHHUN ISl B1IOOpaKEHHS
anpec IPX na anpecu IPv6. 11 anpecu Biapi3ustoThes 7-0iTHUM nipedikcom hopmaTy
0000 010, a 1Hmi 121 6iT BuauwsAOThCe mia aapecy IPX 1, MOXIuBO, e SIKYCh
JOAATKOBY 1H(oOpMaIlito, TOYHE TMPU3HAYEHHS $SKOI CTAaHAAPTOM TIOKH IIEe HE
BU3HAUYCHO.

5.9.3. ArperyBaHHs ajapec

Po3pobnuku cranmaptiB [Pv6 BBakaroTh arperyBaHHS aapec OCHOBHHUM
criocoOoM e€(EeKTUBHOTO BHUKOPHUCTaHHS aJpPECHOr0 IMPOCTOPY B HOBIM Bepcii

nporokony I[P. TexHika arperyBaHHsS BUKOPUCTOBYBamacs i1 g0 mosiBu IPv6 y
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knacuuHid  Bepcii [Pv4. Ilg TexHika Mae Ha3By O€3KIacOBOi MIKIOMEHHOI
mapupytu3aiii (Classless Inter-Domain Routing, CIDR).

Cytp Texnonorii CIDR monsrae B HacrynHomy. KokHomy mpoBaiinepy
npuU3HavaeThCsl Oe3nepepBHUil Aiama3on y npoctopi [P-aapec. Ilpu takomy miaxonui
aJipecd BCIX Mepex KOXHOro MpoBaijepa MaroTh 3arajbHy YacTHHY B CTapIIMX
pospsanax — npedikc. B pesynbTaTi, MapmpyTusalis Ha Marictpaiix Internet moxke
3MIIMCHIOBATHCS HA OCHOBI TIpe(diKCiB, a HE MOBHUX ajpec Mepex. Komu kimieHT (HuM
MOX€ BUSBUTHUCA W OuIbIl ApiOHMI TMpoBaifiep) 3BEPTAETHCS M0 MpoBaiaepa 13
MPOXAaHHSIM MPO BUAUICHHS HOMY JI€AKO1 KUTBKOCTI aipec, TO B HAABHOMY MYJIl apec
"Bupi3aeThca" Oe3nepepBHa 00JacTh BIAMOBIAHOTO po3mipy. [lpuyomy rpanuii miei
0o0nacTi BUOMPAIOTHCS TaKUMH, 100 Ui Hymepalli HeoOXiJHOTO 4Yucjia BY3JIB
BHUCTAYMJIO JIEAKOTO YHCIIa MOJIOJAIIUX PO3PAJIIB, @ 3HAUEHHS BCIX CTapIIUX PO3PSIIB,
0 3aJUIIWINCA, OyJlId OJHAKOBHUMH, CTBOPIOIOYM TMpediKC ajpecu JJAaHOro
poBaiiiepa-KIi€eHTa.

ArperyBaHHs aJpec J03BOJIIE€ 3MEHIIUTUA OOCAT TaOJIHUIh y MapIIpyTHU3aTOpax
BCIX PIBHIB, TOMY IO BCl MEPEXKi 3 OJHAKOBUM MpediKCOM MpeACTaBICHI B TaOIMII
MapuIpyTu3sanii oqHuM 3anucoM. OTKe, BOHO IPUCKOPIOE pOOOTY MapIIPyTH3ATOPIB
1 IBUIIY€ TIPOITYCKHY 3/1aTHICTH Internet.

B IPv6 306epiraeTbcs MexaHI3M MacoOK, Ha OCHOBI SIKOTO MapIIpyTH3aTOp
BUJIUISIE SIKECh YMCIIO, 10 Ma€ 3HAuYeHHs mpedikca, HOMEpa Mepexi abo Homepa
nigMepexi. Ha mijgcraBi 11boro 4nciia BiH poOUTh Teperiisia TabJIuI MapIpyTru3artii i
npuiiMae pileHHs 010 MPOXOIKEHHS MaKeTa.

IcHye nBa TMIIM omepaliii, MOB'A3aHUX 3 HaKJIaJAeHHsIM Macku Ha [P-agpecy:
e arperyBaHHs (superneting), KOJU Macka 3pYyIIYETHCS BIPABO MO MO0 HOMEpa
MEpeXi; TpH IOMY YacTHHA aApEecH, sfKa BHUIUISETHCS MACKOK, HA3MBAETHCS
npedikcoMm;
e  po30MBKa €IMHOTO HOMEpa MEPEXKi Ha KiJIbKa HOMEPIB MiIMEPEX 3a JOTIOMOT OO
MacoK, [0 BUKOPUCTOBYIOTh YaCTHHY 00J1acTi HOMepa By3:a (subneting).

B 1Pv4 BukopucroBytothcs 1 mepmwuii (CIDR), 1 apyruit (po3moain Ha

MmiIMEepeki) TUMM oOmepariil. ArperyBaHHsS BUKOHYIOTH MPOBalJIepH, MPaBUIBLHO
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BUJIIISIIOUM TIyJIM aipec BENMKAM aboHEeHTaM 1 OuIeInl JApiOHWM TpoBaiaepam,
HAJIAIITOBYIOYH BIAMOBITHUM YMHOM CBO1 MapuipyTu3aTopu. MeTa Takoi omepariii —
CKOPOYEHHSI aJpecHuX Tabiuib MapupyTtuzatopiB. Ormepalii JApyroro THITY
BUKOHYIOTBCSI aJIMIHICTPaTOpaMHd KOPIIOPATUBHUX MEpPEeX [UIsl CTPYKTypH3allii
Mepexi (moainy ii Ha miamMepexi) B ymMoBax AehIUTY HOMEPIB MEPEK.

Ha Biaminy Big IPv4, B IPv6 3acTocoByeThbcsl TUIBKM arperyBaHHs ajpec, a
oreparlisi MOAUTy Mepexi Ha MiIMepeki He BUKOPHUCTOBYETHCS, TOMY IO B IIbOMY
HEeMae HEOOX1THOCTI.

Posrasinemo npuxiaan. Hexait mpoBaliziep BEpXHbOTO PiBHS BUAA€E IPOBANIEPY
apyroro piBHs nyn agpec [Pv6. Ilpu npoMy BiH MOBIAOMIISIE MPOBAWAEPY APYTrOro
PIBHs JeSIKE€ KOHKpPETHE 4uciIo — mpedikc s BCIX HOro Mepexk, 1 MackKy, Mo
BHU3HAYa€ JOBXHMHY npedikca. Hanpukiaa, nmpoaiiiep caMmoro BEpXHbOro piBHs, 110
mae npedikc 1001100100111 B mom TLA (puc. 5.21), Moke BUIITUTH TpOBAIEPY
JPYToro piBHs JESKHUM J1ara3oH ajpec 13 CIUTbHUM NpediKCOM, YTBOPEHUM MOJISIMU
FP, TLA, pe3epBHAM 1OJIEM, 3alIOBHEHUM HYJIIMH, a TAKOXK 4aCTUHOIO 1moJist NLA.

JosxunHa nosis NLA, 1110 BiIBOAUTHCS 111 Tpedike, BU3HAYAETHCS MACKOI0, SIKY
MpoOBaiJIep BEPXHBOI'O PIBHA TAaKOX IMOBUHEH MOBIJIOMUTH CBOEMY KJIIEHTOBI —
MpoBaiiiepy Apyroro piBHA. Y JaHOMY MPUKIIAI MacKa CKIATAEThCs 3 29 OUHUIID Y

cTapiiiii yacTuH1. Y pe3ynbTaTi MOBHUM npedikc Mae HACTYIMHE 3HAYCHHS:

001 1001100100111 00000000 01001.

3 13 8 24 16 64
FP = TLA = NLA = SLA = Interface ID =
001 (1001100100111 01001 00...0 XX...X XX...X

Pucynox 5.21 - Ilpuknan hopmyBanHs npedikca

VY posnopsKeHHI TTpoBaiiepa Apyroro piBHS 3adUIIAcTbesa 19 po3psaaiB moss
NLA pans HyMmeparii Mepex CBOIX KIEHTIB. SIK KIIEHTH MOXYTh BHUCTYNaTH
IIPOBalICPH TPETHOTO 1 HIDKYMX PIBHIB, a TAKOXK KiHIIEBI aODOHEHTH — IIINPUEMCTBA

1 opranizauii. J{ns npukiany mpuUnycTHMO, IO MPOBAMAEp APYroro piBHsS HaJae
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nocayru 0e3nocepeIHbO KIHIEBUM a0OHEHTaM. Y 1bOMY BUMAAKY 19 po3psiiiB moss
NLA, mo 3anumuiucsi, BUKOPUCTOBYIOThCS sl 1AeHTH]IKalli opraHizamii —
aboHeHTiB (0o, 110 Te came, I HyMepallii Mepexx adboHeHTiB). [IpoBaiizep apyroro
piBHSL BHUAA€ KIIEHTOBI TIpedikc, M0 CKIANA€ThCS 13 BIACHOTO TMpedikca IHOro
MpoBaiiiepa, T0MOBHEHOTO AeB’ ITHAAISTUPO3PSIHUM 1/IEHTU(DIKATOpOM aOOHEHTA.

Crapma uactuna IPv6-aapecu, 1m0 BHUIAEThCS KIHIEBOMY aOOHEHTOBI
(mpedikc), € npsmuM anamorom Homepa mepexi [Pv4. Yactunu IPv6-ampecu, mio
saymmuincd — nose SLA 1 mosne Interface ID — Ounbin BigmajeHa aHaJorid IO
HOoMepa By3na [Pv4. BigMiHHOCTI MOXKHAa MOSCHUTH Ha TPHUKJIaAl BUKOPUCTAHHS
omeparliii arperyBaHHs ajapec (superneting) 1 po30OMBKM MEpEXi Ha IMIJIMEPExKi
(subneting). B IPv4 agminicTpaTop, ofep KaBIliv Bij] IIpoBaiiiepa HOMEpP MEpexki, Mir
TUIBKH PO3JAUIATA MEpEeXy Ha MIIMEpeXl NUIIXOM 3CYBaHHS MAacKd BIIPAaBO, B
obnacte Homepa Bysna. B IPv6 aaminicTpaTop Bigpa3y *, OJHOYACHO OTPUMYE B
CBO€E po3MopsAKEHHs ¢ikcoBaHe yucio (65 535) miamepexk 0 JHAKOBOTO PO3MIpy, 3a
PaxyHOK TOroO, I1I0 YaCTUHA aJpecH, IO 3aluIuiacsa, po3oura Ha aBa moyist — SLA
1u1st Homepa miamepexi i Interface ID st Homepa By3na. 3HaueHHS MAacKu IS aJipec
aboOHEHTa 3a 3aMOBYYBAHHSIM BCTAHOBIIOETHCSA Ha TPAHUIl MiXK IIMH JIBOMA TOJISIMHU.
Matoun Takuii BETWYE3HMI iama30H HOMEPIB MIAMEPEX, aJMIHICTPATOP MOXKeE
BUKOPUCTOBYBATHU HOTO MO-pi3HOMY. BiH MOske BHOpaTu mpoCTy TIOCKY OpraHi3alliio
CBOEI Mepexli, NMPU3HAYAIOYM KOXKHIA HasBHIA MIJIMEPEXi IEBHE 3HAYCHHS 3
niama3ony 3 65 535 amgpec, He BUKOPUCTOBYIOUH Ti, IO 3UIMINMIIMCS. Y BEIHKHX
Mepexxax Oulbll eQEeKTUBHUM CIOCOOOM (CKOPOUYIOUMM pO3Mipu  TaOJIvLb
KOPIOPAaTUBHUX MAapUIPYTU3AaTOPIB) MOXE BHUSBUTUCS 1€papXiuHa CTPYKTypH3alis
MepeKi Ha OCHOBI arperyBaHHs ajpec. Y IIbOMY BHIIaJKy BHUKOPUCTOBYETHCS Ta XK
texHosorist CIDR, ane Bxke He mpoBaiifiepoM, a aJAMIHICTPATOPOM KOPIOPATHUBHOL
Mepexi.

5.9.4. ®opmar 3arosoBka IP-nakera

OnHi€r0 3 OCHOBHMX IijieH 3MiHU (popmary 3arosioBka B [Pv6 Oyrno 3HMKEHHA

HaKJIQJHUX BUTpAT, TOOTO 3MEHIIEHHs 00’eMy ciayk00Boi 1H(}opMaillii, mepeaaHoi 3
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KOKHUM TakeToM. s nporo B HOBoMy (opmari IPv6 Oynu BBeaeHi NMOHATTS
OCHOBHOTO ¥ JI0AaTKOBOTO 3arosioBkiB. OCHOBHMIA 3ar0JIOBOK MPHUCYTHIN 3aBXIH, a
JIOJTATKOBI € OMI[IOHATLHUMU. J[01aTKOBI 3aroJIOBKM MOXKYTh MICTUTH, HANPUKIA,
iHpOopMaIlito Mpo (pparMeHTallio BUX1THOTO MMaKeTa, MOBHUI MapIIPyT MPOXOKEHHS
MakeTa MPU BUKOPUCTAHHI TEXHIKM MaplIpyTH3allli BiJI JpKepena, 1Hopmarlio,
HEOOX1THY ISl 3aXUCTY MepelaHuX JaHUX 1 T.JI.

OcHOBHHUIA 3aroyIoBoK Mae (pixcoBaHy AoBxkuHy 40 GailT 1 HacTynmHuii popmar

(puc. 5.22).

0 4 8 16 24 31

Bepcis Mpioputet Mitka noToky

HacTtynHuin 'paHn4Ha

Poamip nons gaHux Lo .
3arofioBoK  |KiNbKiCTb KPOKIB

Appeca BignpaBHuka (128 6iT)

Appeca oTpumyBaya (128 6iT)

Pucynok 5.22 - ®opmar ocHoBHOrO 3arosioBka [P-makera B IPv6

ITomna 3aronoska IP-makera.

Bepcia — 4-6iTHuii xox Homepa Bepcli [HTepHeT mpoTokony (Bepcis IHTepHeT
npoTokoiy st [Pve= 6).

Ilpiopumem — 4-6iTHnii xoxa npioputety. Y nokymenti RFC-2460, mo 3'aBuBcs
yepe3 Tpu poku micinss RFC-1883, mone “npiopurer” 3aMiHEHO Ha Moje “‘Kiac
Tpadika”. Ile mone mae 8 61T (mpotu 4 y noini npioputety). [Ipu ubomy po3mip noss
“MmiTka TOTOKY~ ckopotuBcs g0 20 Oir. lle Oyino NOpOAMKTOBAaHO BUMOTaMHU
nokymeHnTa RFC-2474 “Definition of the Differentiated Services Field (DS Field) in
the IPv4 and IPv6 Headers”, opieHTOBaHOTO Ha BUPIIICHHS 3aBJaHb kepyBaHHs QoS.

Mimxka nomoky — 24-61THUN KO MITKU MOTOKY (IU1s1 MyJIbTUMETIA).

Po3mip nonsa oanux — 16-6itoBe unciio 6e3 3Haka. Hece B cobi kKo JOBKUHU
MoJIsl JaHUX B OKTETax, sIKe Hie Bigpa3y IIICIsS 3arojioBka makeTta. SIKIO Koj
JOPIBHIOE HYJIO, TO JIOBXHWHA TOJIS JIAHWX 3alucaHa B MO JaHUX ‘“‘jumbo”, M0 y

CBOIO Yepry 30epiraeThCsi B 30Hi OMITIH.
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Hacmynnuii 3a2onoeox (Next Header) — 8-GitoBe momne. Inentudikye tum
3aroJioBKa, SKMKM i7e Oe3mocepenHbo 3a OCHOBHMM IPv6 3aromoBkom. Kosxuuit
HACTYITHUM JIOJJATKOBUHM 3arojIOBOK TakoX Moxke MicTuTH mosie Next Header. SIkio
[P-nakeT HE Ma€ MOMATKOBUX 3aroJIOBKiB, TO 3HAYEHHS B I[bOMY IOJIi BKAa3y€ Ha THII
MIPOTOKOJY BEPXHBOTO PIBHS, KM BKJIAJl BJIaCHE MOBIAOMJICHHS B moJsie gaHux [P-
nakera (TCP, UDP, RIP, OSPF i1 T.1.), Bu3Hauenuii B crannapti [Pv4 (ananorigyHo
notro “Protocol” y Bepcii [Pv4).

I'panuune yucno kpokie — 8-61ToBe 11171€ Yncio 0e3 3HaKa. 3MEHIIYEThCS Ha 1y
KOXXHOMY MapIIpyTH3aTopi, Yepe3 KU MPOXOauTh makeT. [Ipu rpaHndHOMY YHCITi
KpPOKIiB, pIBHOMY HYJIIO, TTAKET BUJAISAEThCS MapiipyTtu3aropom (anaior nojs TTL B
1Pv4).

Aodpeca gionpasnuxa — 128-01ToBa agpeca BIANPaBHUKA MTAKETA.

Aodpeca ooepicysaua — 128-61ToBa agpeca ofepKyBaya makera (Moxe OyTu He
KIHIIEBUH 0JIepKyBady, SIKIIO MPUCYTHIM MapIIPyTHUHN 3ar0JIOBOK).

VY npono3uuisx o IPv6 ¢pirypyroTs HaCTyIH1 TUIHN T0AATKOBUX 3ar0JIOBKIB:

e Routing — 3arosoBoK aJisi BU3HAYEHHS IMOBHOTO MapIIpyTy MPH MapiIpyTu3allii
Bi1 mokepena (Source Routing);

e Fragmentation — mictuth iHpopmalito npo ¢parmenTtarito [P-makera. Ilone
00pOOSETHCS TIIBKU B KIHIIEBUX BYy3J1aX;

e Authentication — 3aroyioBOK MiCTUTh 1H(MOpMAaIlit0, HEOOXITHY IJis ayTeHTU(IKAITT
KIHIIEBUX BY3JIiB 1 3a0€3ME€UEHHS IIJIICHOCTI BMICTY [P-nIakeTiB;

e Encapsulation — 3arogoBok MiCTUTh 1HGOpMaIli0, HEOOXITHY Il 3a0e3MeUeHHs
KOH(DIICHIIITHOCTI TMepejaHuX JIaHWX IUIIXOM BUKOHAaHHS mU(pyBaHHA Ta
nemuppyBaHHS;

e Hop-by-Hop Option — cheuianbHi mnapameTpd, L0 BHKOPUCTOBYIOTHCS IpHU
BUKOHAHHI 00pOOKH makeTiB 1o anroputmy Hop-by-Hop;

e Destination Options — 3aroJIoBOK MICTUTh JOJATKOBY i1H(pOpMaIi0 s By3Jia

IMPU3HAYCHHS.
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Takum unHoM, maket IPv6 Moxxe MaTu gopmart, K, HallpHUKIal, HABEICHUN Ha

puc. 5.23.

OcHoBHUI 3aronoBok IPv6

3aronoBok mapLpyTtmaauii
Routing

3aronoBok parmeHTauii
Fragmentation

3aronoBok ayTeHTudikauii
Authentication

3aronoBok cuctemm 6esneku
Encapsulation
[opatkoBi AaHi ANg By3na-oTpuMyBaya
Destination Options

MakeTt NPOTOKOJ1Yy BEPXHLOIO piBHFl

Pucynok 5.23 - Ctpykrypa nakera [Pv6

OCKUIBKM MapIIpyTU3aTOPU OOpPOOJISIIOTH JIMIIIE OCHOBHI 3aroJIOBKU (Maiixke BCl
JIOATKOBI1 3ar0JIOBKM OOPOOJISIIOTHCA TIIBKU B KIHIIEBUX BY3jaXx), 1€ 301IbIIYE iXHIO
MPOYKTUBHICTH 1, TAM CaMHUM, MPOIyCKHY 37aTHICTh Mepexi. Haramaemo, mo B [Pv4
BC1 oMl 00pOOJIAIOTHCS MapIIPYyTU3ATOPAMH.

3 1HIOro OOKYy, MOXJIHMBICTh BUKOPHCTaHHS BEJIUKOI KIUJIBKOCTI JIOJATKOBHUX

napaMeTpiB po3MIHUPIOE GYHKIIOHATBHICTD MPOTOKOIY IP 1 poOUTH HOTr0o BIAKPUTHM.

5.9.5. 3HMKeHHSI HABAHTAKEHHSI HA MAPIIPYTH3ATOPH

Jlnst Toro, mo0 MiABUIIMTH TMPOMYKTUBHICTH MapuipyTuzaTopiB Internet mo
BUKOHAHHIO iXHBOT OCHOBHOI (DYHKIIIT — MPOCYBaHHIO MaKeTiB, Y Bepcii [Pv6 Bxkuto
PSAI 3aX0JiB MO 3BUIBHEHHIO MapLIpyTHU3aTOPIB BiJ AESIKUX JOMOMIKHUX poOIT. A
came.

e Ilepenecennss pynkuii ¢pparmenranii 3 MapImIpyTU3aTopiB HA KiHLEBi BY3J1H.
Kinnesi By3nu y Bepcii [IPv6 3000B's13aH1 3HaiTH MiHiIMansHUE po3mip MTU y3n0Bxk

BCHOTO IIISAXY, IO 3'€JHYE€ BUXITHHUA BY30JI 3 BY3JIOM IMpHU3HAYeHHs (I TEXHIKa 3a
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Ha3zBoto Path MTU Discovery yxe BukopuctoByerbes B [Pv4). Mapuipytuzaropu
[Pv6 He BHKOHYIOTH (PparMeHranilo, a TUIbBKH MOCHUJIAIOTh TMOBIJOMIIEHHS TIO
nporokony ICMP "3ananro noBruii maker" KIHIIEBOMY BY31y, SIKMM IOBHUHEH
3MEHIIUTH PO3MIip MaKeTa.

e ArperyBaHHsi ajpec, II0 BeA€ J0O 3MEHIICHHS pPO3MIPY aJpecHUX TaOIuIllh
MapHIpyTHU3aTOpiB, a OTKE, JO 3MEHILIECHHS Yacy Meperiisaay TaOiuilbs 1 yacy, 1o
BUTpAUYa€ThCsl Ha iXHE BiAHOBIEHHS [Ipw 1IbOMy Tak0X 3MEHIIYETBHCS CIYXKOOBHMI
Tpadik, 10 CTBOPIOETHCS MPOTOKOIAMH MapIIPyTH3ALlii.

o Illnpoke BuKopuUcTaHHA MapupyTu3amii Bix mkepesa (Souice Routing), npu
AKIHA BY30JI-DKEPENIO 3a/1a€ TIOBHUM MapUIPYT MPOXOKEHHS MakeTa 4yepe3 Mepexi.
Taka TexHIKa 3BUIbHSE€ MApUIPYTU3ATOPU Bl pOOOTH MO MEPEryiany aapecHHUX
Ta0NHIb TpU BUOOpPI HACTYMHOTO MAapUIPyTHU3aTopa 1 TUM CaMHUM ITiJIBUIIYE
IPOIYCKHY 37aTHICTh Internet.

e BigmoBa Bix 00po0KM ONIIOHAJBLHUX IAPAMETPIB 3ar0JI0BKA.

e Buxopucranus sk HoMepy By3aa ioro MAC-aapecu, 10 3BUIBHAE

MapIIpyTU3aTOPH Bl HEOOX1THOCTI 3acTocoByBaTH ARP-npoTokoII.

5.10. OcobauBocTi cuctemu goMmeHHHX iMeH (DNS)

IHonsiTTs agpec Ta iMeH BY3J1iB

VY mepexi TCP/IP BUKOpHCTOBYIOTHCSI HACTYITHI THIIU aJ[pec Ta IMEH BY3IIIB.
Mamunni aapecu (dizuuni, MAC-agpecn). Lle — yHikanbHa ajipeca, sika «3aluTay B
MEpe)XeBe amapaTHe 3a0e3MeueHHs, HaNpHKIaaA, B KapTy MEPEKHOro ajamnTepa
MepCOHAIBLHOTO KOMIT'IOTepa. MammHHa ajpeca CKIagaeThes 3 12 micTHaAISTKOBUX
uudp (nanpuknag, 00 04 AC 26 5E 8b). [Ipu HanucanHi sl 3py4HOCTI CIPUMHSTTS
ITI0 aJIpecy TPyMNyeThes B mIicTh map 1o 1Bi mudpu. MAC-anpeca ineHTudikye By30.
B OJTHOMY JIOMEHI IIIMPOKOMOBJICHHS (Ha OJTHOMY KaHaJi).
IP-aapecu. Jloriuna anpeca, sika imeHTH(DIKY€E By307 B KOHKpeTHIN [P-Mepexi.
Im'ss NetBIOS (Windows iM'st) - iM'ss koMT'ioTepa B JiokasbHi Windows mepexi.

Po3paxoBane Ha po6oty Mepexi mo creky NetBIOS/NetBEUI. [Ipu BukopucranHi
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creky TCP/IP y nokanpHiit Windows mepexi mns posmizHaBaHHs NetBIOS imen
HeoOxi1HO 000B'sa3k0BO BkItounTH omiito «NetBIOS over TCP/IP» B HanamryBanHi
BrnactuBoctedt mpotokosnry TCP/IP. NetBIOS iM's moxe maTu AOBXHUHY A0 15
CHUMBOJTIB.
Im'ss xocta. lle iM's komm'totepa abo mpuctporo B mepexi TCP/IP (3a3Buuaii, B
InTepueri). VY komOiHamii 3 1M'sM IHTepHET-AOMEHY BHU3HAYa€ IOBHICTIO
cnerudikoane gomenne iM'st - FQDN (Fully Qualified Domain Name).
Im'st momMeny. Moxe BUKOPUCTOBYBATUCH SIK y JokanbHUX Windows mepexax, Tak 1
y TJI00aNbHUX Mepexax. Y NeplIoMy BUIIAJIKy BOHO BH3HA4Yae iM's noMeHy Active
Directory 1 y komb6iHamii 3 NetBIOS im'asm By3na ¢opmye moBHe iM'st By3ia y
KoHKpeTHOMY Windows nomeHi (Moxke po3misinatuch sik anasnor FQDN im's By3na y
Windows nomeni). B IntepHeti — e iM'st iHTepHET-IOMEHY (Hanpukiaa, kpi.ua).
MexaHi3Mu po3ni3HAaBaHHSA iMeH BY3JiB
[IpakTiyHO B KOXKHIA Mepexi TNOTPIOEH MeXaHi3M, M0 JO03BOJISIE
NIEPETBOPIOBATH IMEHA KOMIT'toTepiB B [P-anpecu 1 HaBnaku. Ll Bumora o0ymoBiieHa
THM, 1[0 KOPUCTYBAYi 1 1OJAaTKX 3a3BUYail 3BEPTAIOTHCS JO KOMITIOTEPIB B MEPEXKI 1O
IMEHax, 1 JIMIIE CIIY>KOM HUKHBOTO PIBHS 3BEPTAIOTHCS IO MEPEKEBUX BY3JIB 1o [P-
azpecam.
[cHyIOTh HacTymH1 CIIy’)kOM 1 MEXaHI3MH, SIKI MOKYTh OyTH BUKOPHUCTaH1 JUIS
BUPILIEHHS 33/1ayl po3Mi3HaBaHHS 1MEH:
« WINS (Windows Internet Name Service) - BCTaHOBIIOE BIAMOBIIHICTh
NetBIOS imen 3 I[P anpecamu ;
* DNS (Domain Name System) - BCTaHOBJIOE€ BiJMOBIJIHICTh JOMEHHUX IMEH
(FQDN) 3 IP agpecamu;
» (aitn Hosts - cnpormienuit ananor cuctemu DNS;
 (paitm Lmhosts - - cnpormenuit ananor cucremu WINS;
* BIANpPaBIEHHS NTUPOKOMOBHHX 3aITHTIB.
Haii6inbp1m nommpenum mexanizmom € DNS.
IHo0ynoBa cucremu imeH B InTepHeTi

Cucrema imenyBanHsi DNS siiisie co6010 1€papxiyHy 1 JIOT1YHY J€pPEBOMNOIIOHY
202



CTPYKTYDY, 5Ky Ha3uBatoTh mpoctip iMmen DNS (DNS namespace), 1e € onuH KOpiHb,
y SIKOTO MOXK€ OyTH OyIb-SKE YHCIIO MiIJOMEHIB. Y OKPEMHUX MiJIOMEHIB B CBOIO
qepry MoXyTh OyTH JOoUipHi migmomeHu. Hampukmnaa, B mpoctopi iMeH IHTepHeETY
KOpiHb "" (MOPOKHIN PsiOK) 00'eaHy€e Oe31d TOMEHHUX iIMEH BEPXHBOTO PIBHSA, OJHE
3 SIKHX - .ua. Y jgomeHi ua Mmoxe Oytu mignomeH HTYY «KIII»: kpi.ua, sikuii B cBOIO
yepry € OaThKIBCBKMM JJIs JOYIPHBOTO JOMEHY HACTYIHOTO pPIBHS, HANpPUKIIAJ
noMeHy ¢GakynbpTeTy enekTpoHiku: fel.kpi.ua. Opranizaiii MaroTh MPaBO CTBOPIOBATH
MPUBATHI MEPEXKI Ta BUKOPUCTOBYBATH BIIACHI, HEJOCTYIHI 3 IHTepHETY, mpocTOpU
DNS-imeH.

Koxen By3on B nepeBi DNS-gomeHy 11€HTU]IKYETBCS IO HOTO IMOBHOMY
nomeHHoMy iMeHi (FQDN), sike oJHO3HAYHO BHU3HAYA€ HMOT0 PO3TAIIyBaHHS IIO
BIIHOIIICHHIO 10 KOpeHs aepeBa noMeHiB. Hanpuknan, FQDN nomToBoro cepsepa B
nomeHi kpi.ua 6yne mail.kpi.ua. BoHo sBisie co6oro 006'eqHanHsa iMeHi By3ia (mail)
ocHoBHOro cydikca DNS nmomena (kpi.ua) 1 3amukarodoi kpanku (.). 3amMuKaroua
Kpalnka € CTaHJAAPTHUM PO3JUIBHUKOM JOMEHHOI MITKM BEPXHBHOTO PIBHS 1 MITKOIO
MOPOKHBOTO PsiJIKa, BIAMOBIAHOTO KOpeHO. [Ipu MOBCAKACHHOMY BUKOPHCTaHHI
3aMUKalouy Kpamky 4YacTo OIyCKaroTh, aje i1 Jojae ciyxb6a DNS-kiieHta mpu
BUKOHAHHI 3aITUTIB.

Kopinb (camuii BepxHiWi piBeHb) NPOCTOPY iMeH I[HTEpHETY yIpaBiseThCA
MikHapoHoto oprasizaiiero [CANN (Internet Corporation for Assigned Names and
Numbers). Ils opranizaiiisi KOOpJUHY€E MPUCBOEHHS 1IEHTU(]IKATOPIB, SKI MOBHHHI
OyTH yHIKaJbHUMH y BCbOMY IHTEpHETI, B TOMYy uucii AOMEHHHMX IMeH, [P-ampec,
napamMeTpiB  MNPOTOKOJIB 1 HOMepiB mopTiB. Hukye KOpeHeBOoro piBHA
pPO3TAIIOBYIOThCSI JOMEHH BEPXHBOTO PIBHA, fAKI TakKoX TepeOyBalOTh Mij
ynpasiiHHsaM [CANN. IcHye qBa TUNIM TakKUX JOMEHIB.

Oprani3auiiiHi J0MeHHU - B iX IMEHI NPUCYTHINA TpUOYKBEHUHN KOJ, SKUI BKa3zye Ha
OCHOBHMM piJl AISUTBHOCTI opraHizariiii ganoro DNS-gomeny (mampukiaa, com —
KOMEpIiiHI opraHizaiii, edu — OCBITSIHChKI OpraHizailii, gov — ypsJI0Bi opraHizaiii 1
T.1.). Jlesxi moMeHu opraHizailiii MalTh IIOOATBHUI XapakTep, 1HII BUAUISIOTHCS

TUIbKHU opraHizanisim Beepeauni CIIA.
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I'eorpadiuni 1oMeHu - B iX iMeH1 IpUCYTHIIN NBOOYKBEHUI KO/ KpaiHu ado0 periony,
K BU3Ha4YeHO MixHapoaHOIO opraHizamielo 31 cranpapruzamii (ISO  3166)
(manpuknan, ua - Ykpaina, ru - Pocis, uk - BemukoOpuranis 1 T.1.). Lli nomenu
BUJIISIIOTHCS opraHizarmismu mo3a CIIIA, xoua st BUMora JOTPUMYETHCS HE 3aHATO
KOPCTKO.

Hwuxue nomenis Bepxuboro piBHs ICANN Ta iHII yIIOBHOBaXEH1 OpraHH, SKi
BIJIIOBIIAlOTh 3a TIPUCBOEHHS iMEH B IHTEpHETi, mepenaroTh JAOMEHH Pi3HUM
oprasizauism, Harpukiag Microsoft (microsoft.com) abo HTYY «KIII» (kpi.ua). i
oprasizauii MIIKIIOYal0ThCs 10 [HTEpHETY 1 MPUCBOIOIOTH IMEHA BY3JIIB B MeEXax
CBOiX JOMEHIB (puc. 5.24).

Kpim Toro, oprasizamii HajgaloTh MIJJOMEHH CBOIM KOpHUCTyBadam a0o
kiieHTaM. Hamnpuknan, iHTepHeT-npoBainepu oTpumytroTb AomeH Big ICANN 1
MOXYTh IepefaBaTd TMIJJAOMEHM B PO3MOPSKEHHS CBOiX KimieHTiB. Jlis
nepeTBopeHHs imeH B [P-agpecu B 30HI fAii mpocTopy 1IMEH Oprasizaiii
BUKOPUCTOBYIOTbCSI DNS-cepBepu.

Opranizaiii BOpaBi OpraHi3oByBaTH MPUBATHUN MPOCTIp iMeH (private
namespace), T00To mpocTip DNS-iMeH, B OCHOBI SIKOTO KUJIbKa KOPEHEBUX CEPBEPIB,
MOBHICTIO HE3AJIEKHUX BiJ MPOCTOPY JOMEHHHX I1MeH I[HtepHery. B pamkax
MPUBATHOTO MPOCTOPY IMEH MOXHA MPU3HAYaTH IMEHA Ta CTBOPIOBATH BJIACHUIA
KOpEHEBUN JOMEH a00 JOMeHHU 1 Oylb-gKi HeoOX1aH1 migaoMeHu. [IpuBatHi iMeHa
HEJIOCTYITHI 1 He O3BOJISIIOThCA B [HTepHETI. [IpuKiaa nmpuBaTHOTO TOMEHHOTO IMEHI:

mycompany.local.

Ipununnm pyskuionyBanus cucremu DNS

BignoBignicte Mixk gomeHHuMu imeHamu (FQDN) 1 IP-agpecamu moske
BCTAHOBITIOBATHCS SIK 3aC00aMH JIOKAIBHOTO BY3JIa, TaK 1 3ac00aMu IIEHTPali30BaHOI
ciyx6u. HalmpocTimmm piieHHsIM € CTBOPEHHSI BPYYHY TEKCTOBOTO (haitiry 3 im'sim
hosts. Lleit ¢aiin ckIagaeTbCs 3 AESIKOI KUIBKOCTI PANKIB, KOXKHA 3 SIKUX MICTUTh

sammuc tumny «IP-aapeca - momenne im's», Hampukian, 77.47.129.30 — www.kpi.ua.
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®aitn He0OX1THO PO3MICTUTH Y BIAMOBITHOMY CUCTEMHOMY KaTaJIOTy (HAMPUKIIAM, Y

Bumanky Windows-cucrem 1ie katamor \WINDOWS\system32\drivers\etc).

Root

Top Level
Domains (TLDs)

Second Level
Domain (SLD)

Third Level
Domain
(Subdomains)

DNS name of the
computer

Pucynox 5.24 - Ctpykrypa npoctopy imeH DNS

VY 3araJlbHOMy BUITQJIKy [Jisi BUPIIICHHS 3a/layl BCTAHOBJICHHS BIiJIOBITHOCTI
noMeHHUX 1MeH 1 [P-aapec BUKOPHCTOBYETBCS CIemialibHA Ciyxk0a - cucmema
OdomenHnux imen (Domain Name System, DNS). DNS - 1e nenrtpangizoBaHa ciryxo0a,
3aCHOBaHa Ha pO3MOJIJIeHIH 6a3i BinoOpaxeHb «J1oMeHHe iM's - [P-agpeca». Cioyxba
DNS BukopucroBye B CBOili poOOTI CXeMy B3a€EMOJIlI TUMY «KIIEHT-CEpBEpP». Y
pamkax 1i€i B3aemosii Bu3zHaueHi DNS-cepBepu 1 DNS-xmientu. DNS-cepBepu
OiATPUMYIOTH pO3MOJIIeHy 0a3y 3amuciB, a DNS-kiIieHTH 3BepTaloThes 10 CEpBEPIB
13 3amuTaMu Ha BuU3Ha4YeHHs [P-agpecu Mo KOHKpPETHOMY JOMEHHOMY IMEH1 By3Jja
abo pecypcy. Takum unnoMm, DNS 3a0e3nedye mexaHi3Mu SIK JUIsl IMEHYBaHHS

BY3JiB, TaK 1 u1s nomryky [P- agpec By3:1iB 1o iMeHax.
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Cayx6a DNS BUKOPHCTOBY€E TEKCTOBI (ailnii Maibke Takoro X gopmary, sK 1
daitn hosts, 1 mi ¢aitin agMiHICTpaTOp TaKOX MOXKE KoperyBaTu BpyuHy. IIpore,
cayx6a DNS cnupaeTbcs Ha i€papxito JIOMEHIB, 1 KOXeH cepBep ciy:kOu DNS
30epirae TIIBKM YaCTHHY IMEH MeEpexi, a He BCl IMeHa, SIK 1€ BiAOYBa€ThCS IpU
BUKOpHCTaHHI (aitmiB hosts. [Ipu 3pocTaHHI KiJIBKOCTI BY3JIiB B Mepexi mpobiiema
MaciITaOyBaHHS BUPINIYEThCS CTBOPEHHSM HOBHX JIOMEHIB 1 IIJIJIOMEHIB IMEH 1
nonaBaHHsAM B ciyx0y DNS HOBUX cepBepiB.

Jl1st Ko’kHOTO JJOMEHa iMeH cTBoproeThbes cBiit DNS-cepsep. Lleli cepBep moxe
30epiratu 3anucu «aomMeHHe iM's - [P-aapeca» s BCbOro JA0MeHa, BKIIIOYAlOud BCi
Horo nignomenu. Yacriiie cepBep Ao0MeHa 30epirae TIIbKU iMEHa, SIK1 3aKIHUYIOThCSA
Ha HaCTYITHOMY HIDKUYE PIBHI l€papxii B MOPIBHSAHHI 3 iM'siM JTomeHa. Came TpH Takii
oprasizauii ciayx06u DNS HaBaHTa)K€HHsI pO3MOJISETHCA OUTBII-MEHII PIBHOMIPHO
MK Bcima DNS-cepBepamu Mepexi. Hanpuknan, B nepmomy Bunaaky DNS-cepsep
nomeHa kpi.ua 30epiraTuMe BimOOpa)K€HHS JJIsi BCIX IMEH, IO 3aKIHUYIOTHCA Ha
kpi.ua. B apyromy BuUmajaxy 1ei cepBep 30epirae BiioOpakeHHs TUIBKH IMEH THUITY
fel.kpi.ua, fiotkpi.ua, a pemTa BCiX 3amuCiB HIKYMUX PIBHIB i€papXii MOBUHHA
30epiratucs Ha DNS-cepBepax nigaomenis fel i fiot.

Koxen DNS-cepBep okpiM Tabmuil BijoOpa)keHb IMEH MICTUTh MOCUJIaHHS Ha
DNS-cepBepu cBoix migmomeniB. Lli mocunanHs 3B'a3yr0Th okpeMi DNS-cepBepu B
enuHy ciayx0y DNS. Tlocunanusmu € IP-agpecu BiamoBimHux cepBepiB. s
00CITyrOBYyBaHHS KOPEHEBOTO JOMEHA BHJIUICHO JEKUIbKa TyOJFOI0OUNX OJWH OJTHOTO
DNS-cepBepiB, [P-aapecu IKux € HIMPOKO BIIOMUMHU.

Cxemu Bukopucranas cucremu DNS

IcHyroTh 1B1 ocHOBHI cxemu poOotu cuctemu DNS. V mepmiomy BapiaHTi
po6oty o nomryky IP-aapec koopaunye DNS-k1i€HT:

- DNS-kmient 3Beptaetbest 10 DNS-cepBepy, ampeca sKOTO sIBHO BKa3aHa B
HajamrtyBaHHIX [P-ipoTOKOIy KOHKPETHOTO By37a (Haaall, JOKAJIbHHI), 13 3aITUTOM.
B 3anuTi BiH mepegae MmoBHE JAOMEHHE IM’s By3na, I[P-aapecy sikoro HeoOXigHO

BU3HA4YNUTH,
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- DNS-cepBep BiAmoBimae, moBepTarud KIIEHTY aapecy HacTymHoro DNS-
cepBepa, 0OCIyrOBYIOUOTO JOMEH BEPXHBOTO PIBHS, YKa3aHWW B CTApIIiid 4acCTHHI
JIOMEHHOT'0 1MEHI, SIKe HaIWIIIO0 Y 3aIuTi;

- DNS-xmieHT mocwiae 3anut Ha HacTymHuid DNS-cepBep, sk TOCHIIA€ HOTO
10 DNS-cepBepy noTpiOHOTO MiI0MEHa, 1 T. A., MOKKU He Oyne 3Hahmenuit DNS-
cepBep, B SKOMY 30epiraeTbcsl BiAMOBIIHICTH 3anmutaHoro imeHi IP-agpeci. Llei
CEpBEp JIa€ OCTATOYHY BiJIMOBIIb KJIIEHTOBI.

Taka cxema B3aeMOJii Ha3UBAETHCA HEPEKYPCHUBHOIO ab0 1TEpaTUBHOIO, KOJIU
KJIIEHT CaM BUKOHY€ TOCIIIJIOBHICTh 3alUTIB JO PI3HUX cepBepiB IMEH. OCKIIbKU LA
CXeMa 3aBaHTaXYy€ KIIEHTA JJOCTATHbO CKJIAJHOIO0 pOOOTOI0, TO BOHA 3aCTOCOBYETHCS
PIIKO.

VY npyromy BapiaHTi pealii3ye€ThCsl pEKypCUBHA MpolLeypa:

- DNS-xnieHT mocwiae 3anuT Ha  JokaabHHM DNS-cepBep, aHaIOrI4HO
nonepeaHii mporeaypi;

- skmo JokanbHuii DNS-cepBep 3Hae BIANOBIJb, TO BiH BiJipa3y K MOBEpPTAE
HOT0 KIIIEHTOBI; 11€ MOKE BIJIIMOBIIATH BUMAJKY, KOJU 3alMTaHe 1M'st BXOJIUTh B TOM
K€ TIJJOMEH, 1110 1 IM'S KJIIEHTa, a TAKOXK MOXE BIJIMOBIIATH BUMAIKY, KOJIU CEPBEP
BXKE JI3HABaBCS MPO JaHy BIAMOBIAHICTH JUIS 1HIIOrO KiIi€HTa 1 30epir ii B CBOEMY
Kellli;

- SKIIO K JIOKAJIbHUI CepBEp HE 3HA€ BIANOBIJIb, TO BIH HAJCWJIAE 3alUTH O
KOPEHEBOTO cepBepa 1 Tak Jaii, K 1€ POOMB KIIEHT B TMOMEPEIHIA MPOLETypi.
OTpumaBIIM BiANOBI/b, BIH MEpegae MOro KIIEHTOBI, KUl BeChb LEH 4Yac MPOCTO
yekae 11 BiJl cBoro JiokaibHOro DNS-cepBepa.

VY miif cxemi KIIEHT Tmepeaopydae poOOTy CBOEMY CepBepy, TOMYy cCXema
Ha3UBAEThCS HEMpsMOI abo pekypcuBHOlO. [Ipaktnuno Bci DNS-kimieHTH
BUKOPUCTOBYIOTh PEKYPCHUBHY MPOIICAYPY.

Hns mpuckopenns nomryky I[P-agpec DNS-cepBepu MHMPOKO 3aCTOCOBYIOTH
nporeAypy KenlyBaHHS BIAMOBIAEH, 1m0 MpoxoAsaTh depe3 Hux. Llo6 ciayxba DNS
MOTJIa OTIEPAaTUBHO BIAMPAIlbOBYBATH 3MIHH, 1110 BiOYBAIOTHCS B MEPEXKI, BIJMOBIII

KEIIYIOThCS Ha MEBHUM Yac - 3a3BUYai BiJ AEKUIBKOX TOJAUH J0 JEKIIbKOX JTHIB.
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[Topsimok Bu3HaueHHs iIMEH 3a MexaHi3MoM DNS mae Takuii BUTIs;
* omryk iMeH1 B keri DNS-kimienTa. IMeHa moTparuisitoTh B KEII MPH O1IbII paHHIX
3anuTax;
* moryk imMeHi B (aiti Hosts (st Windows - cuctem po3ranioBaHui B Tl
Windows \ System32 \ Drivers \ Etc);

« 3artut DNS-cepBepa

OCHOBHI OHATTA i 3aNMCH, AKI BUKOPUCTOBYHOThCHA y cuctemi DNS

Jlist HopManbeHO1 podoT DNS HeoOxiaHO npaBuiibHO cKOH(pirypyBatu DNS-
CEpBEPH, 30HU 1 3pOOUTH HEOOX1HI 3aITUCH.

DNS-cepBep - 11e KOMI'IOTep 3 BIJMOBIIHUMU MPOTrPAMHUMHU JTOJATKAMU,
Hanpukiaa, ciyxx6a DNS-cepsepa B Windows, abo cayxk6a BIND B UNIX-
cuctemax. DNS-cepBepu miarpumyroTh 06azy nanux DNS 3 iHdopmariero mpo
YaCTUHU CTPYKTYypU AOMEHHOro jepeBa DNS 1 0OpoOsitoTh 3amuTu Ha T03BLT IMEH,
110 HaaxoaaTh Big DNS-kiieHTIB. Y BiAMOB1Ib Ha 3anmuT KiieHTa DNS-cepBep Hanae
3anuTyBaHy 1H(OpMaIIito, Ja€ TOCHIAHHS Ha 1HITANA cepBep, KUK MOXKE BIIMOBICTH
Ha 3amnuT, abo moBigoMIIsIE, 10 1H(GOopMalis HerocTynHa abo He icHye. DNS-cepBepu
MOJIUIAIOTHCS. HA OCHOBHI (TIOBHOBaXKH1) Ta pe3epBHI (01aTkoBl). s KOxKHOT 30HH
MOK€ ICHYBAaTH TUIbKH OJMH OCHOBHUU cepBep (Ha SIKOMY MOXXHAa BHOCHUTH 3MIHU B
30HHY 1H(oOpMali) 1 Oyab-sKa KUIBKICTh PE3EPBHUX CEPBEPIB (SIKI OTPUMYIOTH
iH(dopmarllito mpo 30HYy 3 OCHOBHOTO cepBepy). BcranoBnenusi pesepBHux DNS
CEpBEpiB J03BOJIIE BUPIMIUTH Bl 3a7a4i: 30LIbIINTA HAIIAHICTE POOOTH CHUCTEMHU
DNS, po3nmoAuIuTH 3alUTH KIIEHTIB MO PI3HUM cepBepaM, 30UIbLIYIOYH TAaKUM
YUHOM MPOAYKTHUBHICTH poO0TH cuctemu DNS.

3ona DNS (DNS zone) - e eauna yactuHa npoctopy iMeH ta IP - agpec, mio
00CITyTOBY€EThCSI TIOBHOBAKHUM cepBepoM. CepBep MOXke 0OCIyroByBaTH 1 KijbKa
30H, a 30Ha MOXE MICTUTH OJIMH a00 JeKkiibKa [HTepHeT - momeHiB. Hanpukiran, ogua
cepBep Moxke OyTH MOBHOBakHUM JiJist 30H kpi.ua 1 kpi.edu, kokHa 3 SKMX MICTUTH
nekinbka goMeniB. CymixHI JOMEHH, Hanpukian, kpi.ua, fel.kpi.ua 1 keoa.fel kpi.ua

MOXHa TEPETBOPUTH B OKPEMI 30HHU, 3aCTOCYBABILIM JI€JETYBAHHS, NPHU SKOMY
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BIJIMOBIIATIGHICTS 3@ MIAJOMEH BcepeauHi mpoctopy iMeH DNS mpucBoroeThes
okpemomy o0'ekTy (BimmoBigHoMy DNS — cepBepy).

®daiiam 30H (zone files) MICTATH 3amUCHU pecypciB 30H, B SKHX CEpPBEpP €
NOBHOBKHUM. Y OaraThox peamizamisx DNS-cepepa naHi 30H 30epiraioTbCsi B
TekcToBUX (Qaitnax; DNS-cepBepr Ha KOHTpoJiepax JOMEHIB I KepyBaHHAM
Windows 2000 a6o Windows Server 2003 MOXyThb Takoxk 30epiraTd 30HHY
iHpopmMmarrito B Active Directory.

[cHylOTh 11Ba BHAM 30H: MPSIMOTO 1 3BOPOTHOTO MeEperjisay. Y Mepuiux
BUKOHYeThCs 3icTaBieHHs FQDN-imen 3 [P-agpecamm, y npyrux HaBmaku, [P-
aapecu 3ICTaBISIOTHCS 3 IMOBHUMH JOMCHHHMH IMEHaMH. TakKuM YHWHOM, 30HU
IPSIMOTO TEperiay oOCIyroByIOTh 3allUTH 1O BCTAHOBJICHHIO BIAMOBIIHOCTI MIX
FQDN-imenamu 1 [P-anpecamu, a 30HM 3BOpOTHOTO meperisay - Mix [P-agpecamu i
FQDN-imeHamu.

ko iM’st IpsIMOT 30HU CITIBIIAJIa€ 3 IMEHEM JIOMEHY, TO 1Ml 3BOPOTHOI 30HU
dbopmyeThest 3 MepexHoi yacTuHU [P-anpecu, 3anucanoi B 3BOPOTHOMY TOPSIIKY, 10
AKO1 JIOAAa€Thesl cTaHmapTHUM mnpedike - in-addr.arpa. Hanpuxknan, kadgenpt KEOA
BuaiieHo Onok [P-aapec 10.12.80.0/24. Im’s 3BopotHoi 30HM — 80.12.10. in-
addr.arpa.

[CHYIOTH MOHSITTSI OCHOBHO1 30HU, TI0JaTKOBOT 30HU 1 30HU — 3aTJTyIIIKH.
OcHoBHa 30Ha 30epirae 06a30Bi JaH1 IS BCIX JTOMEHIB B 30HI1. Pe3epBHa komisi 6a3u
JTAHUX 30HM MOKE€ CTBOPIOBATHCS B JOJATKOBIM 30HI.

JlonaTkoBa 30HA - MOBHOBa)XHA PE3€pBHA 30HA JIJII OCHOBHOI 30HU a00 IHIIMX
J0JTATKOBUX 30H.

3oHa-3arymKa (po3MIIIyeThCS HA CEpBEpl) - KOIMiS 30HU, MO MICTUTHh TIIBKH
3amucH pecypciB moBHOBaKHUX DNS-cepBepiB 0CHOBHOT 30HU (master zone).
3anucu pecypciB (resource records) - 1e iHMOpMartis, 1o 30epiraeThcs B 06a3i JaHUX
DNS 1 BukopucToByBaHa [yl BiANOBiAl Ha 3anuT DNS-KITi€HTIB.

Kosxen DNS-cepBep MICTUTB 3alicu pecypciB, HEOOX1IHI HOMY Jis BIAMOBIII
Ha 3aMuTH, 10 BIIHOCATHCA 10 HOTro YacThHH npocTopy iMeH DNS. 3ammcu pecypciB

PO3PI3HSAIOTHCA 3a THUIIAMM: HANpUKIAA, aapecHuil 3amuc (A), KaHOHIYHE IM's
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(CNAME), cepsep imer (NS), momrroBuii 0oMiHHUK (MX).

Haii6inpmr BasknuBi T DNS-3anmcis.

3anuc A (address record) aGo 3amuc anmpecu - 3B'sizye im's By3na 3 IP - axgpecoro.
Hampuknan, 3anut A-3amucy Ha iMm'ss www.kpi.ua moBepre ioro IP- aapecy -
10.7.10.22.

3anuc AAAA (IPv6 address record) 3B's13ye im'st By3na 3 ajgpecoro npotokoiy [Pv6.
3anuc CNAME (canonical name record) abo kaHOHIYHHI 3amUC iMEHi (TICEBIOHIM)
BUKOPUCTOBYETHCS JIJIs MepeHanpanieHHs Ha iHme im's. Jlo3Bossie oaniit IP- amgpeci
MIOCTAaBUTH Y BIAMOBIHICTh JICKLJIbKA IMEH.

3anmuc MX (mail exchange) abo momToBHil OOMIHHUK - BKa3ye cepBep (1) OOMiHY
MOIIITOXO VISl TAHOTO JIOMEHY.

3ammuc NS (name server) - Bka3zye Ha DNS-cepBep 1711 JaHOTO TOMEHY.

3anuc PTR (pointer) abo 3amuc BkasiBHUKa - 3B'si3ye [P - ampecy Bysna 3 ioro
KaHOHIYHUM 1M'siM. BUKOPHCTOBYETBCSI Y 3BOPOTHIN 30HI 1 € aHAJIOrOM A-3aIucy y
npsiMiii 30H1. 3anuT PTR 3anucy B 3BopoTHiii 30H1 in-addr.arpa Ha IP - anpecy By3ia
noBepHe iM'ss (FQDN) manoro Bysnma. 3 MeTOI 3MEHIICHHsS o0cary HeOa)kaHoi
KOpECIOH/IeHII11 (crtaMy) 6arato cepBepiB-0/I€p>KyBauiB €JIEKTPOHHOT MOIITH MOXKYTh
nepeBipsaTy HasBHICTh PTR 3amucy s Bysna, 3 sIKOTO BiIOYBA€THCS BIAIPABICHHS.
Y mwomy Bunanky PTR 3anmuc mns IP - agpecw moBuHEH BIANOBIAATH 1MEHI
BIJIIIPABJISIFOUOT0 MOIITOBOIO CEPBEPA, SIKUM BiH MpeAcTaBisieTbesa B npouect SMTP
cecii.

3amuc SOA (Start of Authority) abo mouaTkoBuii 3aMuc 30HU — BKa3ye€ Ha OCHOBHUM
DNS — cepBep 30HHM, Ha SIKOMY 30epiraeTbcsi €TajoHHa IHQOpMalis MpO 30HY,
MICTUTh KOHTAKTHY 1H(OpMaIiio ocobu, BIAMOBIAAIBHY 3a JaHy 30HY, 3ala€
napaMmeTpu (CepiiiHuii HOMEp Ta YacoBl TapaMeTpHu), HEOOXiTHI sl OHOBJICHHS
iH(dopmartii mpo 30ny pezepBauMu DNS-cepBepamu.

SRV-3anmuc (server selection) Bka3dye Ha cepBepu Il JEIKHUX CEPBICIB;
BUKOPHUCTOBYETHCS, 30KpeMa, st Jabber 1 Active Directory.

3amuc TXT (Text) - TekcToBuii 3amuc, SIKHA BUKOPUCTOBYETHCS JJIsi BHECEHHS

KOMEHTapiiB, MOMITOK 1 T.1.
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[Mutanua 1J151 camMonepeBipKH Ta KOHTPOJIIO 3aCBOEHHS 3HAHb
1. Ha sixi piBHI noauisatoTs npotokonu creky TCP/IP?
2. Slxomy piBHI0 Mozeii OS] BiAnoBiae piBeHb MepEKHUX 1HTEP(HENCIB CTEKY
TCP/IP?
3. SIxomy piBHio mozeni OS] BinnoBigae mepexxkuuii (IHTepHeT) piBEHb CTEKY
TCP/1P?
4. SIxomy piBHio Moneni OSI BianoBigae TpaHCTIOPTHUN (OCHOBHUIT) PIBEHB CTEKY
TCP/IP?
5. SIx1 3aBHaHHS BUPILIYIOTHCS Ha piBHI MepexxHUX 1HTepdeliciB creky TCP/IP?
6. Axi nporokonu creky TCP/IP nmpaioroTe Ha MEpEKHOMY PiBHI?
7. SAxuit npoTokoa mepexxHoro piBHa cteky TCP/IP BinmoBigae 3a qocTaBKy
naxkeTiB?
8. Sxi npoTtokonu cteky TCP/IP mpaitoroTs Ha TpaHCIIOPTHOMY PiBHi?
9. Axwuii 3 mpoTokoJiiB TpaHcopTHOro piBHsA cTeKy TCP/IP 3a0e3neuye HamiiHy
JIOCTaBKY JaHUX?
10. Sxuii 3 mpoTokomiB TpancnopTHOTo piBHs cTeky TCP/IP He 3a6e3neuye
HaJ1HY JOCTaBKY JaHUX?
11. SIxuii 3 mpoTokomiB TpancnopTHOTO piBHs cteky TCP/IP npattoe y pexumi 31
BCTAaHOBJICHHSIM 3’ €JHAHHS?
12. Axuit 3 npoTokosiB TpancnopTHoro piBHs cTeky TCP/IP mpattoe y
JedTarpaMHOMY PEKUMi?
13. Ha sixi npotokonu crexky TCP/IP noknaneno GpyHKIii BUIPaBICHHS TOMHUIOK
nepeaavi Ipy BUKOPUCTAHHS TpaHCIOPTHOTO npotokonay TCP?
14. Ha saxi npotokosu cteky TCP/IP moknaneno ¢hyHKIIT BUMPAaBICHHS TTOMUIIOK
nepeaavi Ipy BUKOPUCTAHHS TPAHCIOPTHOTrO npoTokoixy UDP?
15. Sxi pyHkIii 3a0e3medyoTh TPOTOKOJU MPpUKIaIHOTro piBHS cTeKy TCP/IP?
16. ¥V sskomy pexuMi (31 BCTAHOBJICHHSIM 3’ €THAHHS YH JIEUTarpaMHOMY ) TIPAIIOE
npoTtokona IP?
17. 3 sikoro meToro potokoit [P mpoBoauTh hparmenTaiito geitarpam?

18. Ake nmone B IP - makeTi 3a1a€ HEOOX1THUM PEKUM JOCTABKU JierTarpamu?
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19. Slke mone B [P — makeTi BUKOPUCTOBYETHCS JIJ1s1 300pKH 3 ()parMeHTiB IiTICHOT
nenrarpamu?

20. Jlns sikoi meTr BUKopucToByeThes nosie «Hac xuttsa» (TTL - time to live) B IP
— makeTi?

21. Konu 3meHmyeTbes 3HadeHHs B 110J11 «Yac sxuttsa» (TTL - time to live) IP —
MaKeTy?

22. Sxi ¢pynkuii Bukonye nporokona [CMP?

23. SIxi KOperyIouu Jii€ 1o BUMPABICHHIO TOMUJIOK Mepejadl BUKOHYE MPOTOKOI
ICMP?

24. JIns SKoi il BUKOPUCTOBYEThCS exo-noBigomiieHHss ICMP — npoTtokoiry?

25. [1po 1m0 cBIAYUTH TOBIOMIICHHS PO «HEIOCSKHICTh By3Jla MPU3HAYCHHS»
ICMP — npoTokoiy?

26. [Ipo 1m0 cBIAYUTH TOBIIOMIIEHHS PO «HEIOCTYIHICTh Mepexi» I[CMP —
MIPOTOKOITY?

27. I1po mo CBIAYUTH NOBIJOMIIEHHS PO «HEIOCTYNHICTH By3na» [CMP —
MIPOTOKOIY?

28. IIpo 1m0 cBiAYUTH NOBIJOMIIEHHS PO «HEIOCTYIHICTh MpoToKOoIy» ICMP —
MIPOTOKOITY?

29. [Ipo 110 CBiAYUTH MOBIJOMIICHHS TIPO «HEAOCTYIHICTH opTay ICMP —
MPOTOKOITY?

30. 3 SIKOI0 METOI0 MapIIPYTU3ATOP BIANPABIISLE TTOBITOMIICHHS PO 3MiHY
Mapupyty ICMP — npoTtokomny?

31. fxi pyHkuii BUKOoHye mpotokos ARP?

32. l;ist 9oro HeoOX1JHO BCTAHOBIIIOBATH BIAMOBIAHICTh Mixk [P — agpecamu By3miB 1
MAC — agpecamu?

33. Ha siky aapecy nHaacunae 3anut ARP - npoTokon?

34. llo 3po6uTk 3 makeToM By3011, sKiIo Ha ARP — 3anuT He Hafiiine BIATOBIAL?
35. Uu npuiine BianoBias Ha ARP — 3anuT Big By3ina, sikuil 3HaXOAUThCA B 1HIIIHN [P

— Mepexi?
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36. XT0 Bumacth BianoBiab Ha ARP — 3anuT npo By30:1, AKUH 3HaXOIUTHCA B 1HILIN
IP — mepexi?

37. YUua MAC- aapeca O6yjae Bkazani B ARP — BiamoBiai mpo By30J1, SKUM
3HaXOAUThCA B iHIIH [P — Mepexi?

38. Jlns1 sik0i METH BUKOPHCTOBYIOTHCSI camo3BepHeHi (gratuitous) ARP — 3anutu?
39. dAxuit npuctpiii B Mepexi oo6cimyroye RARP — 3anutu?

40. 3a paxyHOK 4OT0 TOCATAEThCS HamiiiHaA AocTaBka nanux 1TCP — npoTokomom?
41. o posymitote nig noptom TCP — npoTokomny?

42. Illo po3ymitoTsk 1z coketoM TCP — npoTokoiry?

43. Illo Bu3nauae conetr TCP — mporokomny?

44. Sxi ¢yHKIIIT BUKOHYE MPOIeaypa TpboxeTanHoi cuuxponizaiii TCP —
MIPOTOKOITY?

45. dxi ¢pyHKIIIT BUKOHYE alTOPUTM «Ko3atouoro BikHa» B TCP — nporoko:i?

46. 1o sBnse coboro «BikHO» TCP — nmpoTtokoiry?

47. 1Ipo 1o roBopuTh HYJIbOBHI po3mip BikHa TCP — npotokoiy?

48. B makeT SKOro mpoTOKOJIy 1HKaNCymoThea maketu TCP — nmpoTtokoiry?

49. 'V sgxoMy pexxumi (31 BCTAHOBJIEHHSAM 3’ €IHAHHS YU JEeHTarpaMHOMY ) MPaL0€
npotokona UDP?

50. B maket sK0T0 MPOTOKOJY 1HKancymoThes naketu UDP — nporokomy?

51. Ha npoTokou SIKOTO piBHS MOKJIAJA0ThCs (DYHKIIIT BUIIPABICHHS TOMHUIIOK
nepeaavi npu BUKOpUcTanHs nportokoiny UDP?

52. SIxi1 icuytoth kiacu [P-agpec?

53. Illo Bu3Hauae Mmacka B IP-anpecartii ?

54. Sk 3a 1ONIOMOT00 MAaCKW BU3HAYUTHU JIOBKUHY MEpekHOI yacTuau [P —anpecu?
55. SIk 3a 10MOMOror0 MacKy BU3HAYMTH JTOBXKUHY yacTUHU [P —anpecu, sika Bkasye
Ha HOMEp BYy3Jia B Mepexi?

56. SIk 3a 7OTIOMOTOI0 MAaCKU BU3HAYUTH KOHKPETHUM 11eHTH(iKaTOp Mepexi B [P —
aapeci?

57. SIk 3a AOTIOMOTOI0 MaCcKH BU3HAYUTU KOHKPETHHH 11eHTH(]ikaTop By3na B [P —

azapeci.
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58. fki 3 IP —agpec HE MOXKYTh HaJEKaTH BY3I1y?

59. fxi 3 IP —agpec He MOXKYTb 3 IBUTHCS B aJJpECHOMY TOJIi TTakeTa’?

60. I1aker 3 sixoto [P —azpecoro B agpecHOMY MOJI1 0JiepKyBadya OTPUMAIOTh yCi
BYy3J1 KOHKpeTHO1 [P-mepexi?

61. Iaker 3 sixoto [P —ampecoro B aapecHOMY MOJI1 0JiepKyBada OTPUMAIOTh yci
By31u [P-mepexi, y sKiif 3HaXOAUTHCS BY30J1 BIAIPABHUK MaKeTa?

62. Iaker 3 sikoto [P —ampecoro B aapecHOMY IMOJIi 0JIepKyBada Mpoie yepe3
MapuipyTu3aTop?

63. Ski [P —agpecu He MOXKYTb 3’ SIBUTUCS B aJIpECHOMY ITOJI1 OIEp)KyBaya nakera’?
64. Ski [P —agpecu HE MOXKYTb 3’ SIBUTUCS B aIpECHOMY ITOJI1 BIATIPABHUKA MTAKeTa?
65. Ilaker 3 sixoto [P —anpecoro B agpecHOMY MOJI1 0JiepKyBada OTpUMaE rpyra
BY3J1iB B p13HUX [P-Mepexax?

66. Slka IP —agpeca BkasyroTh Ha BiacyTHICTh [P —aapecu y By3mna?

67. 3a momomoroto Macku miamepexi po3outu IP-mepexy 192.168.10.0 na 8
nigMepexx. HaBectn macky Ta jaianma3zoH ajpec, ikl MOXYTb OyTH BUKOPUCTaHI JJis
aapecarii By3JiB, JIJIsl IEPIIOT MAMEPEX] Ta OCTAaHHBOI.

68. 3a nonomororo Macku miaMepexi pozoutu [P-mepexy 116.0.0.0 Ha 6 migMepex.
HaBectn macky Ta niama3oH ajpec, siki MOXYTh OyTH BHUKOPHUCTaH1 JUIsl ajapecartii
BY3JI1B, JUIsI TIEPIIOT MiAMEPEkKI Ta OCTAHHBOI.

69. 3a pomomororo macku miamepexi po3outu IP-mepexy 180.218.0.0 na 16
nigMepex. HaBectn macky Ta gianma3zoH ajpec, ikl MOXYTh OyTH BUKOPUCTaHI JJist
aapecarlii By3JiB, JJIsl EPIOi MiIMEPEKi Ta OCTAaHHBOI.

70. Buznauutu, Ao skoro kiacy I[P — agpec nanexuts aapeca 129.100.100.1 (macka
255.255.255.0). BkazaTtu 03HaKy HaJICKHOCTI JI0 KJIacy.

71. Sy nosxuny Mae aapeca [IPv6?

72. CKinbKy 9acTHH 11eHTU]IKALIT MEPEX Ta BY3JIiB BUIUIAIOTH Y aapeci [Pv6?

73. SIki 3amadi m03BOJIsIE€ BUPIIITYBaTH OaraTopiBHEBA CXeMa 1IeHTH(IKAIIT MEPEXK B
IPv6?

74. Slka ¢popma 3amucy aapecu BUKOPUCTOBYEThCS B [Pv6?
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75. SIke ckopoYeHHST MOKE OyTH BUKOPHUCTAHO TSI 3aMiHU JJOBTO1 TTOCITITOBHOCTI
HyJiB B aapeci [Pv6?

76. Ckinbku pasiB B agpect [Pv6 MokHa BUKOPUCTATH TaKe CKOPOUYEHHS?

77. Un MOKHA OMyCKAaTH HE3HAuyIIl HyJ Il B MOJsX aapecu [Pvo?

78. 1o xapakTepHO JIJIsl aApECcH, siKa MOYKE BUKOPUCTOBYBATUCH Y MEpEXkKax 3
npotokosiamu IPv4 ta IPv6?

79. Slkum urMHOM BH3HAYEHI KiacH aapec B [IPv6?

80. SIki Tunu agpec Bu3HaueHi B [Pv6?

81. UuM Bu3HavaeThes Tum aapecu B [Pv6?

82. Jlyist 4oro 3aCTOCOBYIOThCS aapecu Tumy “unicast” B [IPv6?

83. Jlmst oro 3aCTOCOBYIOThCS ajipecu Tumy “multicast” B [Pv6?

84. Sxuii npedikc popmary Mae agpeca tumy “multicast” B [Pv6?

85. lllo Bu3Hauae nomue “scope” B “multicast” aapect [Pv6?

86. Jlnst yoro 3aCTOCOBYIOThCS ajipecu Tumy ‘“‘broadcast” B [IPv6?

87. JInst 4oro 3aCTOCOBYIOTHCS aJipecH Tully “‘anycast” B [Pv6?

88. Slkum By3iaM Mepeski MOXKYTh MPU3HAYATUCA afpecH Tuiry “anycast” B [Pv6?
89. llo po3ymitOTh TiJ JOKaILHUMHU aapecamu B [Pv6?

90. Ha sxi TUIMM NOIUISIOTHCS JIOKAIBHI afapecu B IPv6?

91. lo xapakTepHo 11 JIoKabHUX aapec tumny “Link Local”?

92. Illo xapaktepHo s JokanbHuX aapec tumy “Unique Local Unicast™?

93. Jls1s1 90oro 3aCTOCOBYIOTHCS TII00AIbHI arperoBaHi yHIKalbHI aapecu B [Pv6?
94. Ckinbku 1ot Mae GopMar riiodabHOI arperoBaHoi YHIKalIbHOI ajipec B [IPv6?
95. Ckinbku noJiiB B popmMari rio0aibHOI arperoBaHoi yHiKaiabHOi aapecu [Pvo
BUKOPUCTOBYETHCS JIJIs1 17IeHTU(DIKAIIT MEepex?

96. Ckinbku noJiiB B ¢popmari rio0aibHOI arperoBaHoi yHikainbHOi aapecu [Pvo
BUKOPUCTOBYETHCS sl 1eHTU(IKaIlT By3Ja?

97. o Bu3Hauae npedikc BepxHboro piBHsA — TLA B anpeci [Pv6?

98. Illo Bu3Hauae npedike HactynHoro piBHsA — NLA B aapeci [Pv6?

99. lllo Bu3Hauae npedikc micieBoro piBHsI — SLA B anpeci [Pv6?

100. [Ilo Bu3Hauae ineHTUdikatop iHTepdeiicy B aapeci [Pv6?
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101. SAx ARP- npoTokoia BcTaHOBIOE BIAMOBIAHICTE Mk [Pv6-aapecoro Ta MAC-
aapecoro By3na?

102. SIk1 iICHYIOTh TUIIH CIIeHiabHUX “‘unicast” ajgpec B [Pv6?

103. Harexits aapecy 3BopotHoi et (loopback) B IPv6?

104. HaBeniTh HeBU3HauUEHY aapecy B [Pv6?

105. Jdns 4oro 3aCTOCOBYIOTh arperyBaHHs aapec?

106. Sk 3agaeTbesa mpedike Mepex mpu 3actocyBanHi TexHonorii CIDR B [Pv4?

107. Ckiapku HEOOX1THO 3alMCIB B TAOJIMIII MapIIpyTH3aIlli I IPeACTaBICHHS
MapuIpyTiB B MEPEXI1 3 OJIHAKOBUM Hpedikcom?

1088. Yu icHye B IPv6 MOHATTS Macku Mepexi NEBHOTO Kiiacy?

109. Illo Bu3Hayae macka mepexi B [Pv6 ?

110. o po3ymitoTh mij oneparlli€o arperyBanus (superneting)?

111. o po3ymitoTh mij onepariiero subneting?

112. fka 3 oneparriii (superneting abo subneting) BUKOpUCTOBY€eThCA B [Pv6?

113. Axi nons anpecu [Pv6 MOXKyTh BUKOPUCTOBYBATH MPOBAiiiepy Il arperyBaHHs
MEpEex?

114. Sxi nmons aapecu [IPv6 Moxke BUKOPUCTOBYBATH aJIMIHICTPaTOp KOPIIOPATUBHOL
MEpEexXi JIJIsl arperyBaHHs MEpex?

115. Yu OyayTs imeHTH(iIKaTOpU MEpEeX KIIEHTIB OJHOTO MPOBaiiiepa MaTu 3arajibHy
YaCTUHY MPU BUKOPUCTAHHS TEXHIKHA arperyBaHHS?

116. [Ie BCTaHOBJIIOETHCSI 3HAYCHHSI MACKH 3a 3aMOBYYBaHHAM B aapecax [IPvo
KIHIIEBOTO aOOHEHTa?

117. Un MOKHa CKOPOTUTH KUIBKICTh 3alUCIB B TAOIMUISIX MapLIPYTU3ALlil B BETUKIM
KOPTIOPATUBHIN Mepexi?

118. Jlyist yoro 3MiHeHO popMart 3arojioBky B IPv6 ?

119. fxi Tumi 3arojoBKiB Bu3HaueHi B [Pv6 ?

120. Illo Bu3Hauae 3nadeHHs B o “Bepcis’™ 3aronoBky?

121. Jlnst yoro 3acTocoByeThes moe “TIpioputeT” 3aronoBky?

122. Illo Bu3Havae none “HacTynHuii 3aroiaoBoK’?
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123. [lo Bka3zyeThes B ol “HacTymHwuii 3aroioBok™ npy BUKOPUCTAHHS TITbKU
OCHOBHOTO 3aroJIOBKY?

124. JIy1s1 4oro BUKOPUCTOBYEThCA 1oJie “I paHiyHe 4rciIo KpoKiB™?

125. 1711 90r0 BUKOPUCTOBYETHCS TOJIaTKOBUH 3arofioBok “Routing”?

126. JIy1s1 40r0 BUKOPUCTOBYETHCA JI0ATKOBHUH 3aroioBok “Fragmentation™?
127. SIx1 3aronoBku 00poOIIAIOThCS MapiipyTuzatopamu [Pvo ?

128. SIxi mexaHi3mu, peanizoBati B [Pv6, 103BONSIOTh 3HU3UTH HABAaHTAKEHHS Ha
MapuipyTu3aTopu?

129. Axy ¢pynkuiro Bukonye cucrema DNS?

130. Ha sixi Tumnu nogiisitoTh JoMeHu B [HTepHeTi?

131. Illo po3ymitoTk mig 30H010 DNS?

132. Sxi tunu 308 DNS icHyt0Th?

133. Ak popmyeTbest iM’st TPAMOi 30HUA?

134. Sk popmyeTbcst iM’s1 3BOPOTHOT 30HU?

135. Ha sxi Tunu noausitoteess DNS — cepBepu, siki 00CITyroBYIOTh 30HY?

136. o Bu3Hauvae 3anuc SOA?

137. o Bu3Hayvae 3anuc NS?

138. [Ilo Bu3Hauae 3anuc MX?

139. o Bu3Hauvae 3anuc A?

140. o Bu3Hauae 3anuc TXT?

142. Illo Bu3Hauae 3anuc PTR?
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MNPOTOKOJIU MAPIIPYTU3AII

Mapmpytuzaitis - e nepemimieHsas iHpopMariii mo 00'eqHaHId MEpexi Bil
JoKepena 10 oJiepkyBada. Ha mpomy mapuipyTi 3yCTpIHaeThCcsl sIK MIHIMYM OJIMH
npoMixHUI By3oi. [Ipu 31ilicHeHH] MaplIpyTH3aiii BUKOHYIOTHCS 1Bl OCHOBHI Mii:
BU3HAUCHHsSI MapHIpyTiB 1 TpaHCHOPTyBaHHS 1H(GOPMaLIMHUX Tpyn (MakeTiB) IO
o0’eqHaHIi Mepexi. B TepMiHax MapmipyTu3aiii OCTaHHsS oImepallis Ha3UBa€ThCS
KoMyTaIli€ero nakeriB. KomyTarlis makeTiB BiJHOCHO TIPOCTa JIisl, TOMAl K BU3HAYEHHS
ONTUMAJIBHOTO MAPIIPYTy MOXKE BUSBUTHUCS BEIbMU CKIIATHUM.

Binpmricte mpotokoniB mapmpytuzamii [O: 2, 5, 7; H: 11, 12, 13], ski
3aCTOCOBYIOTBCS Y CY4YaCHHX MEpeKax 3 KOMYTAlll€l0 TaKeTIB, BEAYTb CBOE
MOXO/KeHHS BiJl Mepexi Internet 1 i monmepeanui - mepexi ARPANET. Jlns toro
1100 3p0O3yMITH iXHE NMPU3HAYEHHS ¥ 0COOIMBOCTI, KOPUCHO CIOYATKY 03HAHOMUTHUCH
31 CTPYKTYyporo Mepexi Internet, mo Hakiama BIIOMTOK Ha TEPMIHOJIOTIIO W THUIH
MIPOTOKOJIB.

Mepexa Internet OynyBanacs sk Mepexa, IO TMOETHYE BEIUKY KUIBKICTh
OKpeMHX Mepex. [3 caMoro moyatky B ii CTPYKTypl BUIUISIN MAiCMPAIbHy
mepexcy (core backbone network), a wMepexi, NOpUENHAHI J0 MaricTpani,
PO3TIIANIATINCS SIK A6MOHOMHI cucmemu (autonomous systems, AS). MarictpanbHa
Mepeka W KOKHAa 3 aBTOHOMHHMX CHCTEM Malld CBO€ BJAacHE aaMIHICTpAaTUBHE
VOPABIIHHA W BJIACHI MPOTOKOJIM MapuipyTu3auii. Taki cucTeMH 1€ Ha3UBaKOTh
oomenom mapwpymu3sayii. HeoOXiTHO MIAKPECIUTH, IO aBTOHOMHA CHCTEMa M
noMeH iMeH Internet - 1ie pi3HI MOHSTTS, SIKI CIYXaTh PI3HUM LUISIM. A8MOHOMHA
cucmema MOETHYE MEPEXKI, Y SIKUX IMiJ] 3arajJbHUM aMIHICTPATUBHUM KEPIBHUIITBOM
OJIHI€T opraHizaiii 3A1MCHIOETECA MapIIpyTH3allis, a JoMeH iMeH Internet o0'eqHye
KOMIT'IOTEpU (SIK1, MOXJIMBO, HAJIEXKaTh PI3HUM MEpexXam), Y SIKUX MiJ 3arajbHUM
aJIMIHICTPATUBHUM KEPIBHUIITBOM OJHIE€I OpraHizaiii 3M1ACHIOEThCS TPU3HAYCHHS
YHIKQJIbHUX CHMBOJIbHMX IMeH. OOmacTi 11i aBTOHOMHOI CHCTEMHU M JJOMEHa iMeH
MOXYTh B OKPEMOMY BHUIAJKY 30iraTHUcs, SKIIO OJHA OpraHi3allisi BUKOHYE OOHWBI

yKa3aHi QyHKIII].
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3aranpHa CTpyKTypa Mepexi Internet mokazana Ha puc. 6.1. B TpamgumiitHii

TepMiHOJIOTiT Internet MapuIpyTU3aTopy Ha3WBAIOTh LIUTIO3aMHU.

MaricTpams
Internet

S OEHIITHIH
LIUTES

(exterior
gateway)

y, BHyTPIIELE [TUTs

’_I7{ (interior gateway)
| -

Pucynok 6.1 - Marictpans 1 aBTOHOMHI cuctemHu Internet

1031, SIKI BUKOPUCTOBYIOTHCS JIJIsl YTBOPEHHSI MEPEXK 1 MIAMEPEK yCEepPEAHHI
aBTOHOMHOI CHCTEMH, Ha3UBAIOTHCS 6HympiwHimu uiniozamu (interior gateways), a
[IUTEIO3M, 3a JIOTIOMOTOI0 SIKUX aBTOHOMHI CHUCTEMHU MPHUEIHYIOTHCS JO MaricTpaii
MEpeXi, Ha3UBAIOTHhCS 306HiwiHiMu winrozamu (exterior gateways). Marictpaib
MEpeXi TaKOX € aBTOHOMHOK CHCTeMOIO. Bci aBTOHOMHI CHCTEMH MalOTh
VHIKaJbHUNA 16-po3psaHuil HOMEp, 10 BUAUIAETHCS OpraHi3alli€ro, sKa 3acHyBaa
HOBY aBTOHOMHY cucrtemy - InterNIC.

BiamoBinHO, TPOTOKOIM MapHIpyTH3allii yCepearHl aBTOHOMHUX CHCTEM

HA3UBAIOTLCS HPOMOKOIAMU 6HympiwHix wiitosie (interior gateway protocol, IGP)
219



(we ix nazusaromov 6HYmMpiUIHLOOOMEHHUMU A00 6HYMPIWIHIMU), A TIPOTOKOJIH, IO
BM3HAYAIOTh OOMIH MAapUIPYTHOIO 1H(OpPMAI€l0 MK 30BHIMIHIMUA [UIIO3aMH U
[IUTFO3aMH  MaricTpajbHOI MEPEeXi — HpomoKoaamu 306HIWIHIX wiito3ie (exterior
gateway protocol, EGP) (we ix nazugaromo mixcOOMEHHHUMU ADO 306HIUIHIMU).
VYcepeauHi MaricTpaibHOI MEpeXi TaKOXK JIOMyCTUMO BUKOPUCTOBYBATH OyAb-sSKHii
BJIACHUM BHYTpilHii npoTtokon [GP.

Cmucn posmominy Bciei Mepexi Internet Ha aBTOHOMHI cHUCTEMH - Y il
OaratopiBHEBOMY MOJYJbHOMY IIpEJCTaBIICHHI, 10 3abe3reuye MaciiTaOyBaHHS,
HeoOX1qHe Uil OyAb-sKOi BEJIMKOI CUCTEMH. 3MiHA MPOTOKOJIB MaplIpyTH3alli
ycepeauH1 sIKoi-HeOyIb aBTOHOMHOI CUCTEMHU HiSIK HE TTOBMHHA BIUIUBATH Ha poOOTYy
IHIIUX aBTOHOMHUX cucteMm. Kpim Toro, posmoain Internet Ha aBTOHOMHI CHUCTEMU
MOBUHEH CHPUITH arperyBaHHIO 1H(POpMaLlli B MAriCTpaJbHUX 1 30BHIMIHIX MLTI03aX.
BHyTpimHI 1IUTI03M MOXYTh BHUKOPHUCTOBYBATH [IJIi BHYTPIIIHBOI MapuIpyTHU3alli
JIOCUTH AeTaibH1 Tpadu 3B'sI3KIB MK COOO0I0, 11100 BUOpATH HANMOUIBII ONTUMAJIbHHMI
MapuipyT. OHaK, Ko iH(GopMallisi TAKOro CTyMHeHs AeTali3allii Oyae 30epiratucs y
BCIX MapIIpyTU3aTOpax MEPEXi, TO MapHIPyTHI TAOIUIll TaK PO3POCTYTHCS, IO
NOTpeOYIOTh HASIBHOCTI MaM'sIT1 1yKe BEIUKHUX PO3MIPIB, @ 4aCc NPUHUHATTA PIIEHb 110
MapuIpyTH3allii MaKeTiB CTaHE HEMPUIUHATHO BEJIUKUM.

Tomy netanbHa TOMONOTIYHA 1HGOPMAITiS 3aTUIIAETHCS YCepeanHI aBTOHOMHOT
CICTEeMH, a aBTOHOMHY CHUCTeMY SK €IWHEe Iiie s iHmoi dvactuHu Internet
MPEACTABIIAIOTh 30BHINIHI TIUIIO3U, Kl TMOBIJOMIISIIOTH PO BHYTPINIHIA CKJIaa
aBTOHOMHOI CHUCTEMHU MIHIMaJIbHO HEOOXIiJHI BIIOMOCTI - KUIbKiCTh [P-mepex, ixHi
aJpecy i BHYTPIIIHIO BIICTaHb 0 WX MEPEXK BiJl JAHOTO 30BHIIIHHOTO IILTIO3Y.

Taxkum 4yuHOM, AaH1 TPOTOKOMIB BepxHiX piBHIB cTeky TCP/IP mepenatorbces
no o0'eqHaHId MepeXi 3 BUKOPUCTAHHSIM IMPOTOKOJIB MapuipyTtuzamii. Y IboMy
KOHTEKCTI TPOTOKOJIM BEPXHIX PIBHIB III€ HA3WBAIOTh MAapIIPYTU3YEMUMU
nporokoiamu (routed protocol) abo MepeKHUMHU TPOTOKOTIAMHU.

Tepminu wmapupytusyeMuid  npotokon (routed protocol) 1 mpoTokon
MapmpyTu3aiii (routing protocol) 4acTo MOMHUIIKOBO CHPUWMAIOTH SIK PIBHOIIHHI 1

B3a€MO3aMiHHI. MapmpyTusyeMUMU € MPOTOKOJIHM, JaHl SKUX TMepelaroThCsa II0
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Mmapuipytax oO0'eqHaHOI Mepexi, Taki, Hampukiaa, sk Internet Protocol (IP),
npotokonu DECnet, AppleTalk, Novell NetWare 1 1.1. [IpoTokonu MapuipyTtu3zaiii,
HaBIaKH, € MPOTOKOJIAMH, III0 PEalli30BYIOTh alTOPUTMHU MapHipyTu3alii. [Hmmmu
CIIOBaMH, MPOTOKOIN MapIIpyTH3allii BUKOPUCTOBYIOThCS MPOMIKHUMHU CHCTEMaMHU
JUId CKJIaJaHHA TaOiMlb, MO SIKMX BH3HAYAIOTHCS MAapUIPYTH Meperadi JaHuX
MapuIpyTU3YEMHUX MPOTOKOIIB. [IpoTokomamMu MapupyTH3amii € Taki MPOTOKOJIH, K
Interior Gateway Routing Protocol (IGRP), Enhanced Interior Gateway Routing
Protocol (Enhanced IGRP), Open Shortest Path First (OSPF), Exterior Gateway
Protocol (EGP), Border Gateway Protocol (BGP), Intermediate System-to-
intermediate System (IS-IS) 1 Routing Information Protocol (RIP).

6.1. Kuacudikanis aaropurmMis MapmpyTusanii

AJroput™Mu MapuipyTHU3alii pO3pI3HSAIOTHCA 32 JEKUIbKOMa KIIOYOBUMH
xapakrepuctukamu. [lo-nepuie, Ha poOOTYy MPOTOKOIY MaplIpyTH3alii BILUIUBAIOThH
111, SIKI CTABUJIMCS PO3POOHUKOM anroputmy. Ilo-npyre, pi3HI BUAM alNrOpUTMIB IO-
pI3HOMY BHUKOPHUCTOBYIOTH pecypcH Mepexi 1 MapipyrtusaropiB. Haperri,
QITOPUTMH MapIIPyTHU3alli 3aCTOCOBYIOTh Pi3HI METPUKH, 1110 BIUIMBAIOTh HA BUOIp
onTuManbHux Mapuipytis [O: 2,5, 7; A: 11, 12, 13].

AJTOPUTMHU MapHIpyTH3aIlli MOXkKHa KJIacu(iKyBaTH MO HACTYITHUX KPUTEPISX:
e craTuyHa abo AMHAMIYHA MapLIPyTU3allis;
® HAasBHICTH OJIHOTO a00 JEKUIBKOX MapIIPyTiB 10 OJHOTO OJIep>KyBaua;

e JiHiIliHA a00 l€papxiyHa MapIIPyTU3AILIS;

® BUKOHAaHHS aJrOpUTMy Ha [IOYAaTKOBOMY By31l ab0 Ha MPOMIKHHX
MaplIpyTHU3aTopax;

e MapUIpyTH3allii B paMKaX aBTOHOMHOI cHCTeMi  a00 MDK aBTOHOMHUMH
CUCTEMaMU;

e MapHIpyTH3allis 32 CTAHOM KaHaTy a00 TUCTaHIIHHO-BEKTOPHA MapIIpyTHU3AITiS.

221



CraTn4Ha i [MHAMIYHA MapIIPyTU3allis

AJTOPUTMH CTaTHYHOI MapIIpyTHU3aIlii TPEICTaBIAIOTH COOOK HE CTUIBKH
QITOPUTMHU, CKUJIBKK TaOJuIll, SKI CKIJIAJeHI MEpPEXHHUM aJMIHICTpaTOpOM Ha
MapHipyTu3aTopax. BMicT mux Tabmuih MOKe OyTH 3MIHEHUH TUIBKH MEPEKHUM
a7MIHICTPATOPOM. AJITOPUTMH, K1 BUKOPHUCTOBYIOTh CTaTHMYHI MapIUIPYTH, IPOCTI 1
e(eKTUBHO MPAIIOIOTh B MOPIBHSHO MPOCTUX MEpexax 3 BIJHOCHO MNependayeHuM
XapaKkTepoM Iepeiayl T1aHuX.

OCKUJIBKM CHCTEMHM CTaTUYHOI MapHIpyTH3allli HE pearyloTh Ha 3MIHH B
MEpeXi, BOHHU, SIK TPAaBWIO, HE MIIXOIATh ISl CYYaCHHUX BEIMKHX MEpexX, IO
MOCTIHHO 3MIHIOIOTHCS. BIIBIIICTD aIrOpUTMIB, 10 BUKOPUCTOBYIOTHCS B JJAaHUM Yac,
€ IrOpUTMAMH JUHAMIYHOI MapIIpyTu3allii, Kl aganTylOThCs O 3MIH MEPEKHOT
OOCTaHOBKM, aHaJi3ylOudl MOBIJOMIIEHHS, WO IMOCTYNalTh, IPO OHOBJIEHHS
MapHipyTiB. SKIIO B MOBIJOMJICHHI BKa3y€ThCS Ha 3MIHU B MEPEXKl, TO MPOrpaMHE
3a0e3MeUeHHs] MapHIpyTH3allii HAaHOBO OOYMCIIIOE MapIIPpyTH 1 PO3CUJIAE HOBI
MOBIJJOMJICHHS [IPO OHOBJICHHSI MapuIpyTiB. L{I MOBIIOMIIEHHSI PO3MOBCIOIKYIOTHCS
Mo Mepexi, MNPUMYIIYIOYH MapIIpyTU3aTOPU HAHOBO 3aIlyCKaTH aJTOPUTMHU
MapuipyTH3aLii 1 BHOCUTH BIANOBIJIHI 3MIHU B TaOJIUILII.

[Homi anropuT™MM AWMHAMIYHOI  MapIIpyTH3allii  JOMUIBHO  JOIIOBHUTH
CTAaTUYHUMH MapIIpyTaMHU.

€aHni MmapupyTt ado AeKkijibKa MapupyTiB

Jlesiki ckagHl IPOTOKOJIM MapIIpyTU3allii JOMyCKalOTh 1ICHYBaHHS JEKIIbKOX
MapuIpyTiB JI0 OJHOTO oJiepkyBada. Ha BiaMiHy BiJl alrOpuTMIB, III0 OOYUCIIIOIOTH
TIIBKK OWH MapUIpyT, Ii MPOTOKOIH JO03BOJSIOTH PO3MOIIIUTH TOTOKU JTAaHUX TIO
JNEKIIbKOX KaHaimax. llepeBarn TakKuxX ajJrOpUTMIB OYEBHIHI: BOHHM 3HAYHO
MPUCKOPIOIOTh Tepeady AaHuX 1 MIABULIYIOTh ii HaAlHHICTh. TakKy TEXHOJOTII0
3BUYANHO HA3WBAIOTh Po3moaisioM HaBaHTaxeHHs (load sharing).

JliniliHa Ta iepapxiyHa MappyTu3aiis

OpaHl anropuTMH MaplIpyTH3alli MPalioTh B JIIHIHHOMY MPOCTOpl, a IHIII
OynyroTh iepapxii mapmpyTiB. Y cUCTeMax 3 JiHIHHOW MapmpyTusaiieto (flat

routing) BCl MapLIpyTH3aTOpU PIBHONpPaBHI. Y cHUCTeMax 3 1€pApXi4YHOIO
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MapUIpyTU3aLi€l0 JEsKI MaplIpyTH3aTOPH YTBOPIOIOTh AaHAJOT MapUIPYTHOI
marictpam. [lakeTm mocTtynaioTe Binx mnepudepiiiHUX MapHIpyTH3aTOpiB Ha
MaricTpajbHI MapUIPyTU3aTOPH 1 MEPENArOThCs MO MaricTpall, MOKA He JOCSATHYTh
30HH, JI¢ pO3TAlIOBaHUM oOjepKyBad. [I0TIM BOHM 3 OCTaHHHOI'O MAariCTPaIbHOTO
MaplHipyTH3aTopa MepelaloThcsl  OJlepKyBauy dYepe3 OJuH abo  JACKIJIbKa
nepudepiitHuX MapIIpyTU3aTOPIB.

VY cucreMax MapuipyTH3allii 4acTO CTBOPIOIOTHCS JIOT1UHI TPYNH BY3iB, 3BaH1
JIOMEHaMH, aBTOHOMHHMMHU CHCTEMaMd ab0 30HaMHU. Y CHCTEMax 3 1€papXidHOIO
MapuIpyTHU3aLI€I0 OJHI MapIIPyTU3aTOPU IOMEHY MOXYTh OOMIHIOBATUCS TaHUMU 3
MaplIpyTU3aTOPAMH IHIIUX JIOMEHIB, a 1HII - TUIBKKA 3 MapIIpyTHU3aTOPAMH CBOIO
ToMeHy. Y JyKe KPyImHHUX Mepexkax 1HOJ1 CTBOPIOIOTHCS J0JAaTKOBI PiBHI 1€papxii, 1
TOJ1 MapLIPyTHA MaricTpajib YTBOPIOETHCS MapIIPyTU3aTOPAMH BHUILIOTO P1BHS.

OcHOBHa mepeBara i€papxiuHoi MapUIpyTH3alii MOJsArae B TOMY, L0 BOHA
MOBTOPIOE CTPYKTYPY OLIBIIIOCTI KOMIIAHIM 1 TOMY BIAMNOBIIA€ CTPYKTYpl Hepeaadl ix
naHux. Haio1ibll iHTEHCMBHUN OOMIH TaHUMH BIIOYBA€THCS YCEPEIMHI MAIHUX TPYII
(momeniB).  OCKUIBKM  BHYTPIIIHBOJIOMEHHUM  MapIipyTu3aTopaM  MNOTpiOHA
iH(popMarlliss TUIBKM MOpO MaplIpyTU3aTOpH, IO HajexaTb N0 iX JOMEHy, iX
QITOPUTMHM MAPUIPYTU3AIll MOXKHA CIPOCTUTH 1, BIAMOBIIHO, CKOPOTUTH KUIBKICTh
MOBIJJOMJICHb NP0 OHOBJICHHSI MapIIPYTiB.

AJITOPUTMH, 110 BHUKOHYIOTHCSI Ha  By3Jax-Ixepejax i Ha
MapuHIpyTH3aTOPax

VY neskux alropuTMax MaplIpyTH3aiii BECh MapuIpyT BU3HAUAETHCS BY3JTIOM-
JUKEpeNoM. 3BUYalHO TaKWi MiAX1J HA3UBAETHhCS MAapLIPyTH3aLIE€0 Ha JKepenl
(source routing). Y cucTemMax 3 MapUIPYTH3AIIE€I0 Ha JDKEPEN MapiipyTU3aTopu
BUKOHYIOTh TUIbKM (YHKIIT 3amaMm'siTOBYBaHHS aJpec 1 TMEepeCUIKh IaKeTIB
HACTYITHOMY BY3IIy.

VY iHmmMX anropuTMax mnepeadadaeTbcs, IO By3JaM-IKepesaM MaplipyTh
nepeadi JaHUX HEBIIOMI. Y IUX aJlTOpUTMaX IUISAX MPOXO/KEHHS MO 00'€HaHIM
MepeKi BHU3HAUAETHCS MapUIPyTH3aTOpaMH, Ha SKHX BUKOHYETbCS OOYMCIIECHHS

MapuipyTy. Y mepuiiii 3 po3rjsiHyTUX BHIIE CUCTEM BY30JI-JKEpPEIO MOBUHEH OyTH
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30aTHUM BU3HAYaTH MapupyT, B JApyrid cucremi I (QYHKIIT BUKOHYIOTHCA
IPOMIXHUMH MapIIPyTHU3aTOPAMH.

MapumipyTu3aniss B paMKax aBTOHOMHOI cucTeMi a00 MiXK aBTOHOMHHUMU
cUCTeMaMu

OpnHl anropuTMH MapHIpyTH3allii TPalioloTh TUIBKA YCEpEAUHI JOMEHIB
MapuIpyTu3alii, 1HII - SK YCepeauHl JOMEHIB MapIIpyTu3allii, Tak 1 MK HHUMH.
[Ipupona 1HMX [ABOX THUMIB QITOPUTMIB pi3HA, TOMY ONTHMAJIbHHUI alrOpUTM
BHYTPIIIHBOJJOMEHHOI MaplIpyTH3allii HE 3aBXIU € ONTUMAIBHUM ISl MIKIOMEHHO1
MapIIpyTH3aLii.

AJITOPUTMHM MApPHIPYTHU3ALil 32 CTAHOM KAaHAJY i AMCTAHUiIMHO-BEKTOPHI
AJITOPUTMHU

AnroputMu MapuipyTu3amii 3a craHy kaHany (link-state), ski  Takox
HA3MBAIOTh QJITOPUTMAMM BU3HAUEHHS HAWKOPOTIIOTO MAapuIpyTy, MOIIUPIOIOTH
iH(dopMaIiio Tpo MapUIpyTH MO BCIX By3iax o0'eqHaHoi Mepexi. I[Ipore koxken
MapIIpyTH3aTOp MOCWIAE TIIBKH Ty YAaCTUHY TaOJMI[l MapLIpyTH3allii, sIka OMHUCY€
CTaH HOTO BIJIACHUX KaHATIB. Y TaKuUX aJIropuTMax B TaONHMIl MapuipyTU3arli
KOKHOTO MapHIpyTHU3aTopa CKIQJA€ThbCsl KapTUHA BCi€i Mepexi. JluctaHiiiiHo-
BEKTOPHI aJITOPUTMH MapIHIpyTHU3allii (TakoXX BiloMi SK aiaropuTMamu bemimana-
dopaa) MaTeMaTUYHO TMOPIBHIOTh MapIIPyTH, BUKOPHUCTOBYIOUU SKUH-HEOYIb
cnoci® BuMmipy BijacTaHi. OTpuMaHa XapaKTEpUCTHKA HA3UBAETHCS BEKTOPOM
BificTaHl. Taki TPOTOKOJM  TEX BHMAraloTh BIJI KOXXHOTO MapIIpyTH3aTopa
BIJIIPABKM BCi€i TAOIMII MapuIpyTU3allii adbo ii yacTu, ane TUIbKH cBOIM cycigam. [1o
CyTi, aIrOpUTMH MAapIIpyTU3alii 3a CTAHOM KaHAJIy pPO3CHUJIAIOTh HEBEJHKI
OHOBJICHHS ~PEIITI MapIIpPyTU3aTOpiB, a JAUCTAHIIIHO-BEKTOPHI aJITOPUTMU
BIJIIPABJISIOTh OUIbIE 1H(OpMAIlii, ane TUIbKM CyCiAHIM Mapuipytuzatopam. [lpu
BUKOPWCTaHHI JUCTaHIIMHO-BEKTOpHUX anroputmiB (distance vector algorithm)
MapHIpyTU3aTop Ma€ iH(GOpMaIIio JUIIE PO CBOIX CYCIIiB.

OCKiNbKH aJTOPUTMHU MapIIpyTH3allii 32 CTAHOM KaHaly CXOJISAThCS IIBHUIIIIE,
BIPOT1/IHICTh YTBOPEHHS TETEIh MAapUIPyTU3aIlii MpU X BUKOPUCTAHHI MEHIIA, HIXK

IIPY BUKOPUCTAHHI JUCTAHIIHHO-BEKTOPHUX MPOTOKOJIIB. 3 1HIIOTO OOKY, aJITOPUTMHU
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MapuIpyTu3alii 3a CTaHOM KaHaly BHUMAararoTh OUIBIIOI MOTYXXHOCTI Mpoiecopa 1
Ounplry mam'aTe. TOMy alropuTMHU MapIIpyTH3alli 3a CTaHOM KaHaly MOXYTh
BUSIBUTHUCS JOPOXKYUMHU TpH peami3zaiii 1 marpumil. [IpoTtokonun mapiipyruzaiii 3a
CTaHOM KaHajy, 3a3BU4Yaif, OuIbII MacmTaOOBaHi, HIK JUCTAHIIMHO-BEKTOPHI

MPOTOKOJIH.
6.2. IloHATTS METPUKHM MAPUIPYTIB

VY Tabnuigx MapumpyTu3aiii MiCTUThCS 1HGOpMaIlis, 0 BUKOPUCTOBYETHCS
KOMYTYIOUMM TMPOTPaMHUM 3a0€3MEUCHHSAM JJIsi BHOOPY SKHAMKPAIOTO MapIIpyTy.
Ane sk came OyayroTbea wi Tabmuui? Slka mpupona iHpopmarii, 0 MICTUTHCA B
HUX? SIK anropuTMu MapuipyTu3alii BU3HAYAIOTh, IO OJUH MapIIPyT BBaXKAETHCS
KpallluM 3a 1HI11?

Jlnsi BU3HAYEHHS ONTUMAJIBHOTO MApUIPYTy aJTOPUTMHU MapIIpyTH3aIlii
BUKOPUCTOBYIOTh O€3J114 PI3HUX METPHUK. Y CKJIQJHUX JITOPUTMAX MapIIpyTHU3aIlii
BUOIp MapuIpyTy 3AIMCHIOETbCA 32 JEKUIbKOMa METPUKaMH, IO CTBOPIOIOTH
ckinageHy (riOpuany) wMeTpuky. JlJis BU3HAYEHHS SKHAMKpAIIOro MapiipyTy
BUKOPHCTOBYIOTHCSI HACTYITHI METPUKH:

® JIOBXXMHA MapUIPyTy;

® HAJINHICTD;

® 3aTPUMKAa;

® CMyra MpoIyCKaHHS,

® HaBaHTAXKCHHS;

® BUTpaTH Ha mepeaayy.

Jlosycuna mapwipymy € HaWOIBII YacTO BUKOPHUCTOBYBAHOKO METPUKOIO
MapmpyTu3amii. Jleski NpOTOKOMWM MapHIpyTH3alii JO3BOJISIIOTE MEPEKHOMY
aJIMIHICTpPATOpPy [IOBUIBHUM YHMHOM TMpPU3HAYATH KOKHOMY KaHaJly 3HAYEHHS, IO
BimoOpakae BUTpaTH Ha Tepenady. B 1bOMy BHIagKy JOBKHHA MapuIpyTy
MPEJICTABIISIE COOOK0 CyMy BHTpPAT Ha BCIX MPOMACHHUX MUISHKAX. [HIIN MpOTOKOIU

MapuipyTH3aiii 00YUCIIOITh KIJIbKICTh IPOUJEHUX BY3JIB - METPUKY, SIKa BU3HAYAE,
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sKa KUIBKICTb MEPEeXONiB MK MEPEKHUMU TMPUCTPOSMH, TaKUMH  SIK
MapuIpyTU3aTOpU, TOBUHEH MPOUTH MaKeT HA HUIAXY BiJ JKEperna J0 oJepKyBayda.

Y KOHTEKCTI MapHipyTu3aiii Hadilimicms aNTOPUTMYy MapHIPyTHU3allii
BU3HAYAETHCS HAMINMHICTIO KaHaly 3B'A3Ky (SKa, 3a3BUYail, BU3HAYAETHCA
BIIHOIIICHHSM KUTBKOCTI MepeaHuX O1TiB 0 KIJIBKOCTI MOMIJIOK). Y JIESIKUX KaHaidax
3001 MOXYyTh BIIOyBaTHCS dYacTimie, HDK B 1HIMUX. I[licas 30010 O7HI KaHAIH
BITHOBJIIOIOTHCSl IIBHJIIE 1 MpOCTilie, 1HII - ToBUIbHImIE. [lpu mpu3HaAUeHH1
PEUTHHTIB HAJIMHOCTI MOXKYTh OyTH BpaxoBaHi OyJib-sKi (haKTOpH, 110 BIIHOCITHCS
70 11b0T0. Taki peUTHUHTH € YKMCIOBUMM OIIHKAMH, SIKi, 3a3BHYail, MPU3HAYAIOTHCS
JHISAM 3B'A3Ky MEPEKHUMHM aJIMIHICTPATOPAMH.

3ampumka ipy MaplIpyTH3aLli € 4acoM, MOTPIOHKUM ISl JOCTABKU MaKeTy 110
Mepex1 B JKepesna 10 oJepKyBaua. BenuuuHa 3aTpuMKHU 3aJI€KUTh Bij OaraThox
YUHHUKIB, TAKMX K CMYra MPOIMyCKaHHS MPOMDKHUX JIHINA 3B'SI3KY, JOBKHHA YepTU
Ha TOPTY KOKHOTO MapIIPyTU3aTOpa, MEPENOBHEHHS Ha MPOMIXHUX JIIHISIX 3B'S3KY, a
TaKOK (pI3MYHA BIJACTaHb, AKYy HEOOXITHO MpouTH. OCKUIBKM 3aTpUMKa €
KOMOIHAIII€I0 JIEKUIBKOX BAXKIMBUX TMapaMeTpiB, L METpUKa Halyla IIMPOKOTrO
MOIIUPEHHS.

Cmyza nponyckannsa XapakTepu3ye MPOMYCKHY CIPOMOXHICTh KaHaly. 3a
iHmmx piBHUX ymMoB 100-meraGiToBuit kanan FastEthernet Oinbin OakaHimmuii, HiX
BUJIIJIEHA JIHIA 13 cMyroro npomnyckanHs 2048 KoOit/c. Xoda cmyra mpomyckaHHS
XapaKTEPU3ye MAKCUMAJbHY MPOMYCKHY CHPOMOXKHICTh KaHaly, MaplipyTH, IO
IPOXOJATh MO KaHajdax 3 OUIBIIOI CMYTOIO MPOITYCKAHHS, HE 3aBXKIU BUSBISIOTHCS
KpaluMMu 32 MapuipyTH, IO NPOXOJATh MO OUTbII MOBUIbHMX JiHIAX. Hanpuxnan,
SKIIO MIBUAKUN KaHaJl 3aBaHTa)XCHUU OLIbINe, TO AJS Mepeaayl Mo HbOMY MaKeTy,
OJlep)KyBauy MOXK€ 3HAJOOMTHCS Oulbllle Yacy, HIK TMpU BHUKOPUCTaHHI
MOBUIBHIIIOTO, aJie MEHII 3aBAaHTAKEHOTO KaHaITy.

Hasanumasicennsa xapakTepusye CTYIIHb 3aHHATOCTI MEPEKHOrO pecypcey,
HalpuKIaJg MapupyTtusaropa. BUKOpHUCTOBYIOTbCS PI3HI CHOCOOM BHU3HAYEHHS

HABAHTAKEHHSA, 30KpeMa 3a IHTEHCHBHICTIO, BUKOPHUCTAaHHSM IIporecopa 1 3a
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KUTBKICTIO 00pOOIIOBaHUX B CeKyHAY makeTiB. [Ipore, cam mo cobi MOHITOPHHT IHX
rapameTpiB MOKE MOTIIMHATH 3HAYHI PECYPCH.

[Ile omHI€I0 BAXIMBOIO METPUKOIO € 6UmMpamu Ha nepeoayy 0anux, ocoomBo
TOMY, IO JeSKI KOMIMaHii MKIYIOThCS HE CTUIBKU PO MPOIYKTHUBHICTh, CKIJIBKU MPO
eKCIUTyaTalliiiHl BUTpaTH. Y 0aratboX BHMaJKax Il KOMIIaHIi BBa)KAIOTh 3a Kpallle
niepeaBaTH JIaHi 1Mo CBOiX BJIACHUX KaHajaX, X0ua B HUX 3aTpUMKa OiIbIIe, a HE 10
3araJibHOJIOCTYITHUX KaHajaX, OCKIIbKA BHUKOPUCTAHHS OCTAHHIX BHUKIJIMKAE
JI0JTATKOBI BUTPATH.

3. lucraHuiiHO-BeKTOPHUI IpoToKoa RIP

[Ipotokon RIP (Routing Information Protocol) € BHyTpilIHIM TPOTOKOJIOM
Mapuipytu3auii (IpOTOKOJ BHYTPIIIHBOIO IIIIO3Y) JAMCTaHLIMHO-BEKTOPHOTO
tuny. BiH mpencraBisie coOO0 OJMH 3 HAWOIBII PaHHIX MPOTOKOJIB OOMIHY
MapHipyTHow  iHdopMmaliero 1, JgoTenep, HaA3BUYAMHO  TOIMMPEHUH B
00YMCITIOBAJIBHUX MEpexkax, 3BaKat0yu Ha MPOCTOTY peasizailii.

Hns IP e nBi Bepcii npotokosy RIP: mepma 1 npyra. IIporokon RIP vl ne
HNIATPUMYE MacoK, TOOTO BIH TMOMIMPIOE MIXK MapUIPYTU3aTOPAMU  TUIBKU
1IHQOpMalLll0 PO HOMEPHU MEPEX 1 BIACTaHI A0 HUX, a 1HQOpMalilO MPO MACKU
UX MEpeX He MOUIMPIOE, BBAXKAKOUM, IO BCl aJpecu HajleXaThb J0 CTaHIapTHUX
kiaciB A, B abo C. IIporokon RIP v2 mepenmae iHdopMalliro mpo MackKu MEpPEK,
TOMY BiH O1IBIIO0 MIPOIO BIAMOBIJIa€ BUMOTaM CbOTOJICHHS.

B sxocTi BifcTaHi 10 Mepexi cranmaptu npotokoiny RIP momyckaroTe pisHi
BUIM METPHUK: «XOMH», METPUKH, IO BPAXOBYIOTH MPOIYCKHY CIPOMOXKHICTD,
3aTPUMKH 1 HaAIMHICTh Mepex (ToOTo BiAmoBiaHI o3HakaMm D, T 1 R B momi «SIkicTh
cepBicy» [P-nmakery), a Takox Oy/p-siki KOMOIHAIlT ITUX METpUK. MeTpuka MOBUHHA
BOJIOJITH BJIACTUBICTIO QJMTUBHOCTI - METPUKA CKJIAJCHOrO HUISIXY MOBHMHHA OYyTH
piBHa CyMi METPUK CKJIQJOBHX I[bOTO HULIXYy. Y OumbmocTi peanizamiii RIP
BUKOPUCTOBYETHCSI TMPOCTAa METPUKA - KUIBKICTh «XOIIiB», TOOTO KUIBKICTh
NPOMDKHMX MAapUIpyTH3aTOpiB, $AKI MNOTPIOHO TMOAOJATH TAKEeTy 1O MEpexi

MIPU3HAYCHHS.
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3aranpHuii opmat nakety npotokosry RIP v2 HaBeneno Ha puc. 6.2.

6.3.1. ®opmart naxkery RIP v2

1 okTer 1 okter | 2 okTETU 2 OKTETHU | 2 OKTETHU 4 oxktetu | 4 okTeT | 4 OKTETH | 4 OKTETH
. Macka Hacryn-
. He MiTtka Anpeca . Y
Komanma | Bepcis AFI i JT- HUN Mertpuka
BUKOPHCT. MapIIpyT . .
P PHpYTY MEpPEKL | Mmepexi BY30II

Pucynok 6.2 - 3aransauii popmar nakery RIP v2

e Komanoa. 1lokasye, 4 € makeT 3amuTOM a0O0 BIAMOBIII0. 3alHUT BHUMArae,
o0 MaplpyTHU3aTOp BIANpPaBUB MapLIPYTHY TaONMLIO - BCIO ab0 YacTKOBO.
Bianosine Moke OyTH PpETyJISIpHUM OHOBJICHHSM MapHIpyTHOI iHQopMarii abo
BIIMOBIJII0 HA 3amuT. Y BIAMOBIASX MICTATHCS 3alUCH MapuIpyTHOi Tadmwuii. s
nepeaayi iHGopmalli 3 BETUKUX MapIIPyTHUX TaOJUIb BUKOPUCTOBYETHCS JEKIIbKA
RIP-nakeris.

® Bepcin. Bepcis nporokony RIP. ¥V makerax RIP v2 3HadueHHs Takoro moJs
JOPIBHIOE 2.

¢ He BukopucroByetbes. Lle mone MiCTUTh HYJTbOBE 3HAUCHHS.

o Joenmudgpixamop AFI. Inentudikatop cimeiictBa aapecu (Address-Family
Identifier). Inentudikarop cimeiictBa anapecu (Address-Family Identifier) RIP
MpU3HAYEHUH IS Tiepeiaydl MapipyTHOi 1HGOpMAaIIii TeKUIBKOX Pi3HUX MPOTOKOJIIB.
Koxen 3anuc mae iieHTU(IKaTOp CIMEICTBa aJipecH, sika BU3Havae tum aapecu. AFI
s [P nopisaioe 2. [Tone AFI qns RIP v2 ¢ynkiuionye ananoriuno nomto AFI s
RIP vl RFC 1058, 3 ennaum BukmtodeHHsAM: skmo AFI nns mepmoro 3amucy
noBigomsieHHs JopiBHIoe OXFFFF, To wmeil 3amuc MICTUTh ayTeHTH(IKALIITHY
iH(popmarrito. B nanuii yac enuHUM TUIIOM ayTeHTHdIKAIIHHOT iHGOpMAITii € TapoJIb.

o Mimka mapwipymy. 1lpyu3HadyeHa s po3Mi3HaBaHHS BHYTPILIHIX MaplIpyTiB
(mo ymizHaroThest RIP) 1 30BHIMIHIX MapumpyTiB (10 YMi3HAIOTHCS IHIIUMU

npotokosiamu). CroJiu 3aMuCylOThCAd KOJM aBTOHOMHHUX CHCTEM. BUKOpPHUCTOBYETHCS
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K MITKa A 30BHIIIHIX MapuIpyTiB Hpu poOOTI 3 MPOTOKOJAMH 30BHILNIHBOI
MapIIpyTH3aIii

e [P-aopeca. IP-anpeca 3anucy.

e Macka niomepesci. Macka miMepexi eIeMeHTy. SIKIo 1e mojie JOPiBHIOE
HYJIIO, TO JJI JAHOTO €JIEMEHTY Macka MiIMEepeXi He BU3HAUYCHA.

e Hacmynnuii gy3on. IP-anpeca HacTynmHOTO By3ja, Ky/Id MPSMYIOTh MaKEeTH.

e Mempuka. KinbKicTh By3JIB (MapuipyTu3aTopiB) MDK MepexaMHu 10
onepxkyBaua. I{g BeauwumHa 3HaXoauThCAd MDK 1 1 15 s gificHUX MapHipyTiB 1
nopiBHIOE 16 1S HEeAIHCHUX.

VY oanomy makerti npotokony RIP nomyckaerscs mo 25 momiB AFI, agpec i
MeTpuk. Takum umHOM, B ogHoMy makeTi RIP moxe Oytu mepepaxoBaHe a0 25
onepxxyBauiB. Skmo AFI Bu3Hauae ayTeHTH(}IKAI[liHE MOBIAOMIIEHHSA, TO B

MapHIpyTHii TabIuIll MOKe OyTH BU3HAUCHO TUIbKU 24 3a1KCH.
6.3.2. Anroputm nod0ya0BH Ta0 UL MAPLIPYTH3ALIL

Posrinsinemo mporec moOyaoBH TaONMUIN MapuHipyTH3alii 3a JJIOMOMOTOI0
npotokoiry RIP.

Eman 1 - cTBOpeHHS MiHIMAJIbHUX TaOJHIIb.

Y nodarkoBOMy CTaHl B KOXHOMY MapUIpyTH3aTOpi MpPOrpamMHUM
3abe3neueHHsiM cTeka TCP/IP aBTOMAaTM4HO CTBOPIOETHCS MiHIMabHA TaOJIULIS
MapHipyTHu3ailii, B SKiii BpPaxOBYIOThCS TIIbKH O€3MOCEPEIHBO MPUETHAHI O
1HTEp(ECIB MapIIPyTU3ATOPA MEPEKI.

Eman 2 - po3cunka MiHIMaJdbHUX TaOJIUIb CyClAaMm.

[Ticns iHimiamizanii KOXKHOTO MapHIpyTH3aTOpa BiH MOYMHAE MOCUIATH CBOIM
cycigzaM moBigomyieHHS mpoTokody RIP, B skux MiCcTUTbCS HOTO MiHIMalIbHA
tabnuis. RIP-noBimomiienHs mepenatoTbes B makerax nporokory UDP, uepes mopt
520, 1 BKJIIOYAIOTH JIBA MapaMeTpu Il KOKHOI Mepexi: ii [P-agpecy 1 BiAcTaHb 10

HEl BiJl MApIIPyTU3ATOPA, 110 MEePeaac MOBIIOMIICHHS.
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Cycinamu € Ti MapuIpyTH3aTOPH, IKUM JaHUH MapIIpyTU3aTop 0e3mocepeHbo
Moske nepenatu [P-naker mo Oyap-sKii CBOil MEpEXi, HE KOPUCTYIOUUCH MOCITyTaMu
MPOMIKHUX MapIIPyTU3aTOPIB.

Eman 3 - orpumanns RIP-moBigomiens Bix cycifiB 1 oOpoOka ojepx aHoi
iH(opMmarii.

[Ticnst oTpuMaHHs aHAJIOTIYHUX IOBIJIOMJIEHD BiJl CYCIJIHIX MapUIpyTH3aTOPiB,
MapUIpyTU3aTOp HAPOIIye KOXXKHE OJlepKaHe IoJie METPUKM Ha OJMHHIIO 1
3amam'siToBye, 4epe3 SKUM MOPT 1 BiJ SKOrO MapHIpyTHU3aToOpa OJep’KaHa HOBa
iHpopMalliss  (aapeca 1UBbOro MapiipyTuzaTopa Oylne aapecol0 HACTYIHOIO
MapuIpyTU3aTopa, sKIo Ied 3amuc Oy/e BHECEHHM B TaONMII0 MaplIpyTH3allii).
[ToTiM MapmipyTHU3aTop TMOYMHAE TOPIBHIOBATH HOBY 1H(pOpMAIIO 3 Ti€l, sKa
30epiraeTbCs B 1oro Tabauil MapIpyTH3aLii.

Hosgi 3anucu Oyayte ponani B tabnuito. [Ipotokon RIP 3amimiae 3anuc mpo
AKy-HEeOy/lb MEpPEeXy TUIbKH B TOMY BHIMAJKy, SKIIO HOBa 1H(OpMaIlisl Mae Kpamry
METpPUKY (BIACTaHb B «XOIax» MEHINAa), HIX Ta 1o €. B pe3ynbraTi, B Tabiuili
MapHipyTH3alii Ipo KOXKHY MEPEXKY 3aJHIIAETbCS TUIBKKA OJUH 3alHC; SKIIO X €
JIeK1IbKa PIBHO3HAYHUX BIIHOCHO BIJICTaHI IUISXIB IO OAHIET 1 Ti€T %K MEPEXkKi TO. BCE
OJIHO B TaONUIIl 3AJUINAETHCA OJWH 3aMKC, SIKAW TMPUUANIOB B MapIIpyTU3aTOP
nepimMm 3a 9acoM. JJis boro mpaBuiia iICHY€ BUKJITFOUSHHS - SIKIIO TipIina iHpopMalis
npo sKy-HEOyAb MeEpexy MpuHIUIa Bl TOrO0 K MaplIpyTU3aropa, Ha MiJCTaBl
MOBIJJOMJICHHS SIKOTO OyB CTBOPEHUMW NaHWI 3amuc, TO Tipiia iHpopMallis 3amiliae
Kparty.

AHaJIOT14H1 orepallii 3 HOBOI 1H(QOpMaIli€l0 BUKOHYIOTh YC1 MaplIpyTHU3aTOpU
Mepexi.

Eman 4 - po3cuiika HOBOI TaOJIUIIl CycClaMm.

Koxen wapmpytuzatop mnocwinae HoBe RIP-moBigomiieHHs BciM CBOIM
cycimaM. Y 1bOMY MOBIAOMJICHHI BIH TIEPJA€ JaHi MPO BCl BiIOMI HOMY MEPEXi - SIK
0e3mocepelHbO MIAKIIOYEH], TaK 1 BIIIAJICHI, PO SIKI MAPUIPYTU3ATOP JAi3HABCS 3

RIP-mtoB1i1OMIIEHE.

230



Eman 5 - orpumanns RIP-noBigomiens Bix cycifiB 1 oOpoOKka opepx aHoi
iHpopMaIii.

Etam 5 moBTOproe eramn 3 - mapuipytuzaTopu npuiiMaroth RIP-mioBiioMieHHs,
00poOmst0Th 1H(OpMAITito, O MICTUTHCSA B HHUX, 1 Ha 11 MiJICTaBi KOPEKTYIOTH CBOI
TaOJIUIl MapIIPyTH3AIIii.

k10 MapmpyTH3aTOpU NEPIOUYHO MOBTOPIOIOTH €TANU PO3CUIIKU 1 0OPOOKH
RIP-noBiiomienb, TO 3a KIHLIEBUHA NPOMIKOK dYacy B MEpeXi BCTAaHOBUTHCSA
KOPEKTHUN pexuM Mapuipytuszanii. [1il KOpeKTHUM pexuMOM MapuipyTusaili, B
JJAaHOMY BUIAJKY, PO3YMIEThCS TAaKWM CTaH TaOJMWIb MapHIpyTu3allii, KOJIU BCl
Mepexi OyIyTh JOCSKHI 3 OyJIb-SIKOT MEpEeXi 3a TOMOMOIOI0 JIEIKOTO ONTUMAIbHOTO
Mapuipyty. [Taketn 70XOAUTUMYTh 0 afpecaTiB 1 HE 3al[UKIIOBaTUMYTHCA B METIISIX.

O4eBUIHO, SKIIO B MEPEXI BCl MapUIPyTH3aTOPH, iX 1HTEpQEehcH 1 KaHaIu
3B'SI3KY, 1110 iX CIOJY4aroTh, MOCTIHHO Mpane3aTHi, TO OTOJIOIIEHHS MO0 MPOTOKOIY
RIP MoxHa poOUTH JOCUTH PiJIKO, HANPUKJIAA, OJUH pa3 B JeHb. [IpoTe B Mepexax
MOCTIIHO BII0YBAOTHCA 3MIHH - 3MIHIOETHCS K MPaALE31aTHICTh MapIIPyTH3ATOPIB 1
KaHalliB, TaK 1 camMl MapHIpyTHU3aTOPH 1 KaHAJIM MOXYTh JOJABATHUCS B ICHYIOUY

Mepexy abo K BUBOJUTHCS 3 11 CKIIaLTy.
6.3.3. Ananrtauiss RIP-mapupyru3aTopiB 10 3MiH CTaHy Mepexi

Jnst amanramii g0 3MiH B Mepexi mpotokoid RIP  BukopuctoBye psia
MEXaHI13MiB.

Jo HoBux MapuipyTiB RIP-mapiipyTr3aTopy NpucTOCOBYIOTHCS TPOCTO - BOHU
nepealTh HOBY 1H(OpMaIil0 B 4YEproBOMy IOBIJIOMJIEHHI CBOIM cCycilaMm 1
MOCTYIIOBO 1151 1H(OpMAIIisl CTAa€ BiloMa BCIM MaplipyTH3aTopaMm Mepexi. A och 10
HEraTUBHUX 3MiH, T[OB'SI3aHUX 3 BTPaTOl0 SKOro-HeOyab Mapupyty, RIP-
MapHIpyTH3aTOPU MPUCTOCOBYIOThCSA ckiaaHimie. [le mos'si3ano 3 Tum, 1o y ¢opmari
NOB1JOMJICHb NTpoTokoay RIP Hemae moss, sike 6 ykasyBasio Ha Te, 10 NUISX JI0 TaHOi
Mepexi OUTbIIEe HE ICHYE.

HaTtowmicTh, BUKOPHUCTOBYIOTHCS JBa MEXaHI3MH TOBIJOMJIEHHS PO T€, IIO

JEeSKUI MapipyT OiIbII HEIIHCHUMN:
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- 3aKiHYEHHS Y9acy KUTTS MapIIpyTy;

- BKa3iBKa CIHEMiaJbHOI BiJCTaHI (HECKIHYEHHOCTI) JO MeEpexi, Mo cTajia
HEJIOCSHKHOIO.

Jlnst  BiAmpaifoBaHHS —TEPIIOTO  MEXaHi3My, KOXXKEH 3amuc  TaOJwin
Mapuipytusaiii, oaepxxanuii mo mportokony RIP, mae yac xutta (TTL). Ilix gac
HAJXO/DKeHHsT 4yeproBoro RIP-moBimomiieHHs, sike MIATBEPIKYE CIPABEIJIUBICTD
JIaHoTOo 3amucy, TaiiMep TTL BCTaHOBIIOETHCS B TIOYATKOBHM CTaH, a MOTIM 3 HBOTO
KOXXHY CEKYHJly BIAHIMA€ThCSA OJNMHHUIIL. SIKIIO 3a yac TallM-ayTy HE MpUNJE HOBE
MaplIpyTHE MOBIAOMIIEHHS PO el MapUIpyT, TO BIH MO3HAYAETHCS K HEIIMCHHIM.

Yac TaiiM-ayTy NOB'SI3aHMI 3 EPI0IOM PO3CHIIKH BEKTOpIB 1o Mepexi. Y RIP
IP mepion poscuiiku obOpanuii piBHUM 30 cexkyHaam (3a3BUYail Mepioj] PO3CHIIKH
obupaetbes piBHUM 30 cekyHAaM, 3 J0JIaBaHHAM HEBEIUKOI BUMAIKOBOI KIIBKOCTI
yacy BCSKHH pa3, KOJMU TalMep CKUIAEThCS; 1€ POOUTHhCS 100 YHUKHYTU
MEePEBAHTAXKEHHS, SKE MOKE BUHUKHYTH, SIKIIO BCl MapIIpyTHU3aTOPU OJHOYACHO
cripoOyIOTh Tepe/laTh OHOBJIEHY MapUIpyTHY 1H(oOpMalliio CBOIM cycigam), a sk
TaiM-ayT OOpaHO IIECTUKpPATHE 3HAYCHHS Mepiogy po3cuiaku, Tooto 180 cexyH.
[ecTukpatHuii 3anac yacy notpiOeH AJig BIEBHEHOCTI B TOMY, 110 Mepexka AiiCHO
CTaJia HeJIOCTYITHA, a He TPOCTO BimOyucs BTpatu RIP-moBinomMieHs (a e MoKJIuBo,
ockinbku RIP BukopucroBye TpancnoptHuit mporokon UDP, sxuii He 3abe3meuye
HaJ(IHHOI JOCTaBKHM TMOBIJIOMJIEHb). Taiimep TaliM-ayTy CKHUJIA€ThCSI KOXKHOTO pasy,
KOJIM MapHIPyT IHIIATI3ye€ThCst a00 KOPEKTYEThCs. SIKIO 3 4acy OCTaHHbOI KOPEKITii
IpoHIIo0 3 XBWJIMHM a00 OJepKaHO MOBIAOMIIEHHS PO Te€, 110 BEKTOP BIiJICTaHI
JOpiBHIOE 16, MapLIpyT BBaXa€TbCsl 3aKpUTUM. AJle 3aluC MOpO HBOTO HE
BUJIATISIETHCS, TIOKW HE 3aKIHYUThHCA 4ac "mpuOupansas cmittsa" (2 xB.). [Ipu mosBi
CKBIBaJICHTHOTO MapIIpyTy, MEPEMHUKAaHHS Ha HHOTO HE BiIOyBaeThcs. TakuM YHMHOM
OJIOKYETBCS MOXJIMBICTh KOJIMBaHb MDK JIBOMa a00 OiibIle PIBHOIIHHUMU
MapiipyTamu.

Skmo skuii-HeOyab MapIIPpyTH3aTOP BIAMOBIISAE 1 TMEPECTaE CJIaTH CBOIM
cyciJiaM TIOBIJOMJICHHSI TIPO MEPEXi, K1 MOXKHA JOCATTH Yepe3 Hboro, To uepe3 180

CEKyHJ BCl 3aIlUCH, K1 MOPOJUB L€ MapUIPyTU3ATOP, CTAHYTh HEAIMCHUMU y HOTO
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HalOmmwkunx cycigiB. Ilicas mporo mporec MOBTOPUTHCS BKe M CYCIIIB
HANOMMKUMX CYCIZIB - BOHM BUKPECIATH MOMAIOHI 3amucu Bxke uepe3 360 cexyHn,
ocKkuIbkH Tiepiri 180 cekyHa HalOIMKUl CyCiau Ie TepeaBaiyd MOBIIOMIICHHS PO
11l 3aIuCH.

BigomocTti mpo HEAOCSHKHI MEpeki uepe3 MaplIpyTH3aTop, SKWM BiJIMOBUB,
PO3IMOBCIOIKYIOTHCSA M0 MEpPEeXkl HE JIy)Ke HMIBUIKO, Yac PO3MOBCIOHKEHHS KPaTHHM
yacy KHUTTS 3alucy, a KOoe(DIEHT KpPaTHOCTI MOPIBHIOE KUIBKOCTI XOINB MiX
HalJaNbIIUMKA MapUIpyTU3aTOpaMyd Mepexi. Y I[bOMY IMOJIArae OJHA 3 MNPUYUH
BUOOPY B SIKOCTI MEPI0AY PO3CHIKH HEBEIUKOT BETUYHHU B 30 CEKyH/.

K110 BIAMOBIIIE HE MapLIPYTU3ATOpP, a IHTEep(eElc Y Mepexa, 10 3B'A3YI0Th
HOro 3 AKUM-HEOYJb CYCIIOM, TO CUTYyaIlisi 3BOJAUTHCS 1O TIABKUA IO OIMHCAHOI -
3HOBY IIOYMHAE TIPAIIOBATH MEXaHI3M TalM-ayTy 1 MapuipyTd, M0 CTajH
HEJIINCHUMU, TTOCTYIIOBO OYyTh BUIAJICHI 3 TAOJIHUIb BCIX MapIIPYTU3aTOPIB MEPEXKI.
TaliM-ayT mpaiitoe B TUX BUMAAKaX, KOJIU MAPUIPYTU3ATOP HE MOXKE MOCIATH CyciiaM
MOBIJIOMJICHHSI TIPO MapuIpyT, 110 BIJIMOBUB, OCKIJILKU a00 BiH caM Hempane3aaTHUH,
a0o0 Hemparie3jaTHa JIiHis 3B's13Ky, MO sIKii MOXHa Oys10 0 mepenaTy moB1JOMIICHHS.

Komu 3 moBigomiieHHsT mociath MoxHa, RIP-mapmpyTtuzatopu He
BUKOPUCTOBYIOTh CIICIIAJIbHY O3HaKy B TOBIJOMJICHHI, a BKa3ylOTh HECKIHYCHHY
BIJICTaHb JI0 MEpEexXi, mpuiuoMy B mipoTokoii RIP Bona mpwuitHsita piBHOIO 16 Xomam.
OpeprkaBIId TOBIOMIICHHS, B SIKOMY JIesKa MEpea CYIPOBOIKYETHCS BiJACTaHHIO
16 (abo 15, mo MNpUBOAUTH JO TOTO K PE3yJbTaTy, OCKUIBKH MapuipyTU3aTop
301IBIITyE OTpUMaHE 3HAYCHHS Ha 1), MapHIpyTHU3aTOp TMOBHHEH NEPEBIPUTH, YH
MOXOJIUTh IIs «IOoraHa» IHQoOpMallisl Mpo MEPEXKY BIJ TOro X MapHIpyTU3aTOpa,
MOBIJJOMJICHHS SIKOTO TIOCITY>KHMJIO CBOTO Hacy IIiJICTAaBOIO I 3alKCy TPO JaHy
MepexXy B Tabnuii mapupytuzanii. SAkmo me Toil camMuil MapuipyTu3aTtop, TO
1H(DOpMaIIis BBAXKAETHCS TOCTOBIPHOIO 1 MAPIIPYT MO3HAYAETHCS K HEIOCTYITHHM.

Take HEeBenWKe 3HAYCHHS «HECKIHYEHHOI» BIACTaHI COPUYMHEHE THM, IO B
NeSAKUX BUMAJKaX, BIAMOBU 3B'SI3KIB B MEPEX1 BUKJIMKAIOTH TPUBAIL TEpIOAU

HEKOpeKTHO1 poOoTu RIP-mapiipyTusatopis, 110 BUpakaeThCsi B 3aIlMKIICHH] MTAKETIB
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B MeTIsIX Mepexi. UuMm MeHIma BiACTaHb, IO BHKOPUCTOBYETHCS B SKOCTI
«HECKIHUYEHHO1», TUM TaKi MepioJii CTAIOTh KOPOTIIIE.
Po3rnsiHeMO BUIIQAOK 3alMKIICHHS MAaKEeTiB Ha MPUKIIaAl Mepexi, 300paskeHoi

Ha puc. 6.3.

Pucynok 6.3 - IIpuknan HekopekTHOi podotn RIP-mapiuipyTuszaTopis,

IITO BUPAXKAECTLCA B SaI_II/IKJ'IGHHi ITaKEeTIB.

Xaii mapumpytuzatop Ml BusSBHB, MmO HOro 3B'SI30K 3 0e3M0CepeaHBO
MIJKIIOUYEHOI0 0 HOTO MEPEKEI0 A BTpadyeHHU (HANPUKIIAJ, BHACTIAOK BiIMOBHU
iHTepgeiicy 1). Ml Bing3HauMB B CBOiM TaOAMI MaplupyTu3aiii, I0 Mepexa A
HEJOCTyNHA. Y TIpHIOMY BHUNAAKY BIH BHUSBUTH 1€ BIApa3y K IMICIsA BIAIPABKU
yeproBux RIP-moBigomiieHb, Tak 110 A0 MOYATKy HOBOTO IIMKIY HOTO OTrOJIOIICHb, B
SKOMY BiH MOBUHEH MOBIJIOMUTH CYCiJiB, IO BIJACTaHb 0 MEPEki A cTajia piBHOIO
16, 3anuiaerscs maiixke 30 cekyHI.

Koxen mapuipyTuzaTop mpailfoe Ha MiJICTaBl CBOTO BHYTPIIIHBOTO Taiimepa,
HE CUHXPOHI3YI0UU pOOOTY MO PO3CUJILI OrOJIOMIEHb 3 IHIIUMU MapIIpyTU3aTOPAMH.
Tomy, mapmpytuzatop M2 Bumnepeautsb MapiipyTtuzarop Ml 1 nepenacts iilomy cBO€
NOBIJOMJICHHS paHimie, HibXK M| BcTUrHe mnepegaTd HOBUHY MPO HENOCSKHICTh
Mepexi A. B ipomy noBiioMieHH1 OyayTh J1aHi, MOPOKEH1 HACTYITHUM 3allMCOM B

Tabnwuii Mapmpyrtusarii M2 (ta6m. 6.1).

Tabmuus 6.1 - Tabnuig MapipyTu3zaiiii Mmapipytuzatopa M2
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AJnipeca HaCTYyITHOTO

[Topt Bincrass
MapIIpyTU3aTopa

Howmep mepexi

A Ml 1 2

Lleit 3anuc OyB oxeprkaHuil Bia MapiipytuzaTopa MI 1 KOpeKTHHM 10 BIAMOBHU
iHTepdeticy M1. Tenep BiH € 3acTapiium, ane Mapuipyruzatop M2 mpo 1e me He
JTi3HABCH.

Takum yuHOM, MapipyTuzaTop Ml oneprkaB HOBY 1H(GOpPMAIIIIO TIPO MEPEKY A
- 1 Mepexa OCshKHA depe3 MapiipyTtusatop M2 3 merpukoro 2. Panime MI takox
oJiep)KyBaB 1110 1H(opmaliio Bix M2. Ane irHoOpyBaB ii, OCKIJIBKHM HOTO BJlacHa
MeTpuka s A Oyna kpamoro. Tenep Ml noBuHeH NpUIHATH AaHI IPO MEPEXKY A,
onepkaHl Bix M2, 1 3aMIHUTH 3anuc B TaOMWLI MapLIpyTHU3alli NPO HEIOCSKHICTh

i€l Mepexi (Tadin. 6.2).

Tabmuusg 6.2 - Tabnuisg MapipyTu3saiii Mmapupytuzaropa Ml

Howmep mepexi AJIpeca HaCTyIHOro [Topt Biacrans
MapIIpyTU3aTopa
A M2 2 3

B pesynprari B Mepexki YTBOpPHJIACSd MapUIpyTHA TETIsA: TMaKeTH, IO
HAIpaBIIIIOTBCS BY3JlaM Mepexi A, mepeaaBaTUMYThCS MaplipyTtuzaropom M2
MapuipyTtuzaropy Ml, a mapmpyruzarop Ml noBepratume ix mapupyruzatopy M2.
[P-naketu OyayTh MUPKYIIOBATH MO IIH METI1 A0 TUX Mip, MTOKK HE 3aKIHYUTHCS 4ac
KUTTS KOKHOTO TMaKEeTy.

MapuipyTHa neTisi iICHyBaTUME B MEPEX1 JOCTaTHBO AOBro. PosrisHemo
nepio/id 4acy, KpaTHi 4acy KUTTS 3aMKCIB B TAOJUIISIX MapIIPyTH3aTOPIB.

e Yac 0-180 c. Ilicns BinmoBu iHTepdeiicy B wmapupyrtuzatopax Ml 1 M2
30epiraTUMyThCsl HEKOPEKTH1 3alKcH, MpuBeneHi Buile. Mapipyrtuzatop M2 sk 1
pawnimie 3abe3nedye mapuipytuzatop M1 cBoiMm 3amucoM po MEPEKy A 3 METPUKOIO

2, OCKIJIBKH 11 Yac KUTTS He 3aKIHYUBCA. [lakeTH 3aIlUKITIOI0THCS.
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e Yac 180-360 c. Ha mouaTky 1poro nepioay y mapuipytuzaropa M2 3akiHIy€eThCs
qac KHUTTS 3alUCy MPO Mepexy A 3 METPHUKOIO 2, OCKUIbKH Mapuipytuszatop Ml B
monepeaHid IepioJ; MOCHIaB KWOMY IOBIJIOMJIGHHS TIPO MEpPEeXy A 3 TipIIor
METPUKOI0, HDK Yy M2, 1 BOHM HE MOIVIM MIiATBEpIKYyBaTH Led 3amuc. Temep
mapuipytuzatop M2 mpuiimae Big mapuipytuzatopa Ml 3ammc mpo mepexy A 3
MeTpukor 3 1 TpaHcopmye ii B 3amuc 3 merpukor 4. Mapmpyrtuzatop Ml He
OJIep>Ky€ HOBHX MOBIIOMIJIEHB BiJl MapuipyTuzaropa M2 mpo Mepexy A 3 METPUKOIO
2, TOMy 4Yac XUTTA MOr0 3amucy IOYMHAe 3MEHIIyBaTHucs. [lakeTn mpoIoBKyIOTbH
3aLMKITFOBATHCS.

e Uac 360-540 c. Tenep y mapmpytuzaTopa Ml 3akiHUyeThCS Yac >KUTTS 3aMuUCy
npo Mepexy A 3 merpukoro 3. Mapupytuzatopu Ml 1 M2 3HOBY MIHSIFOTBCSI POJISIMU
- M2 3a6esneuye MI 3acrapinoro iHbopMalliero Mpo IUIAXU A0 MEpexi A, BKe 3
MeTpukoro 4, sxky Ml mneperBopute B MeTpuky 5. Ilaketm mnpoaoBKyIOTh
3aLMKITFOBATHCS.

Ax6u B mpotokoni RIP ne Oyna BuOpana BijacTaHb 16 SK HEAOCSIKHA, TO
OMMCaHU Mpollec TpUBaB OU /10 OE3KIHEUHOCTI (BipHillle, MOKK He Oyia O BUUepraHa
pO3psiiHa CITKa MOJs BijcTaHi 1 He Oyno O 3adikCOBaHO TEPETIOBHIOBAHHS TMpU
YeproBOMY HapOIIlyBaHHI BIACTaHi).

B pesynbrari, mapuipytuzatop M2 Ha 4eproBoMy eTari OMHCAHOIO IMPOLECy
olepkye Bim Mapmipytuzaropa Ml wmerpuky 15, ska micns HapoIlyBaHHS,
NEPETBOPIOIOYUCh, Ha METpUKy 16, ikcye HenocshkHICTh Mepexi. Ilepion
HecTaO1IbHOT pOOOTH MEPEXi TpUBaB 36 XBUIIMH!

OOmMexxeHHst B 15 XxomiB 3BYyXye 00JIacTh 3acTocyBaHHs Tpotokosry RIP nmo
MEpEX, B IKUX YKCIO MPOMDKHHUX MapLIpyTU3aTOpIB HE Moxe OyTH Oinbiie 15. Jlns
MacIITaOHIMMX MEpeX MOTPIOHO 3aCTOCOBYBATH 1HII MPOTOKOJIM MapIIPyTH3AIlii,
Hanpukiag, OSPF, abo po30uBaTu Mepexxy Ha aBTOHOMHI 00J1acTi.

[IpuBenenuit mnpukiaag g00pe UIIOCTPYE TOJOBHY MPUYUHY HECTAOUTHHOI
poOOTH MapIIPYTU3ATOPIB, M0 MPaIOTh Mo mpoTokory RIP. s npuunna momnsirae
B CaMOMY NPHUHIMMI pOOOTH JUCTAHUIWHO-BEKTOPHUX MPOTOKOJIIB - BUKOPHCTAHHI

iH(dopmarrii, ogepkaHoro 3 iHmMUX pkepen. JlificHo, mapmpyTtuzarop M2 mepenas
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MapmpyTtuzatopy Ml iHpopMaIiiro mpo TOCSKHICTE Mepexi A, 32 TOCTOBIPHICTH SKOT
BIH caM He BIANOBigae. BUKOpEHUTH 110 MPUYMHY MOBHICTIO HE MOXHA, aJKE caM
croci0 moOy0BM TaONMIL MapIIpyTH3allli IMOB'SI3aHUN 3 Tepeaadyero JyxKoi
iHbopMarrii 6e3 BKa3iBKM JpKepena ii MOXo KeHHS.

He cmiag naymatu, mo mnpu Oyab-SKuMX BiAMOBax iHTepdeiiciB 1
MapHIpyTHU3aTOPiB B MepekaxX BUHUKAIOTh MapIIPyTHI neTii. SIkOu MapipyTu3aTop
MI BcTur nepenaté MOB1IOMIICHHS PO HEAOCSKHICTh MEpEXi A paHille MOMHIKOBOT
iHdopmarlii Mapuipytuzatopa M2, To mapuipyTHa nemist He yrBopuiacs 0. OTxke
MapuIpyTHI NETJ1 HaBITh 0€3 JOJIaTKOBUX METOJIIB OOPOTHOH 3 HUMU, PO3IIIAHYTUMU
B HACTYIIHOMY pO3/iTi, BUHUKAIOTh B CEPEIHbOMY HE OUIbIIE HIXXK B MOJOBUHI

IMOTEHIIIMHO MOKJIMBUX BHUIAIKIB.
6.3.4. Metoau 00poTHOH 3 NOMHJIKOBUMH MAPILIPYTAMH B IPOTOKOJIi RIP

He nuBnsuvch Ha Te mo npoTtokoi RIP He B 3M031 MOBHICTIO BUKIIOUUTU
NepexiHl CTaHU B MEPEXK1, KOJIM JEAKI MapIIPyTU3aTOPU KOPUCTYIOTHCA 3aCTapiyioro
1H(DOopMaIliero Ipo BXKE HEICHYIOUl MapIIpyTH, € JACKUIbKa METOJIB, AKi y 0araThox
BUIAJIKaX BUPIIYIOTh NOA10HI MPoOIeMHU.

Curyanis 3 meTyielo, MO YTBOPIOEThCA MIXK CYCITHIMH MapLIpyTHU3aTOpaMHu,
OINKCaHa BUILE, HAIHHO BHUPILUIYETHCS 3a JONOMOIOI0 METONy, IO OJEep>KaB Ha3BY
po3wennrweannusa 2opuzonmy (split horizon). Meton mnonsirac B TOMy, IO
MapmipyTHa iHQopmallis Tpo JesKy Mepexy, IMo 30epiraeTeCs B TaOIMII
MapuipyTH3alii, HIKOJU HE MepeHaeTbcsi TOMY MapLIpyTHU3aTOpy, BiJ SKOTO BOHA
olepkaHa (L€ HACTYNMHUI MaplpyTu3aTop B JaHOMY Mapuipyti). Ko
MapmipyTu3zatop M2, B pO3MISIHYTOMY BHINE MPUKIATl, MIATPUMYE TEXHIKY
PO3IIEIUIIOBaHHS TOPU30HTY, TO BiH HE Iepenactb MapuipyTtuszaropy MI 3acrapiny
1H(DOopMaIrito mpo Mepexy A, OCKUIbKH OJIepKaB 1i came BiJ MapmpyTtuzatopa Ml.

[IpakTyHO BC1 CHOTOAHINIHI MapIIPYTU3ATOPH, 110 TIPAIIOIOTH 32 TTPOTOKOJIOM
RIP, BUKOpPHUCTOBYIOTh TEXHIKY PO3IIETUIIOBAHHS TOPU3OHTY.

[IpoTte po3iieruiroBaHHS TOPU30OHTY HE JOTIOMAra€e B TUX BUIAJKAX, KOJIH METI

YTBOPIOIOTHCS HE IBOMA, a ICKIJIbKOMa MapIIpyTU3aTOPaMHU.
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Jlst 3ammo06iranHs 3aIMKIICHHS MMAKETIB M0 CKIAJCHUX METISX TPH BiAMOBaX
3B'SI3KIB 3aCTOCOBYIOTHCS [IBa IHIIWX NPUUOMH, TaK 3BaHI MPU2EPHi OHOBIEHHA
(triggered updates) 1 3amoposcyeannsn 3min (hold down).

Croci® TpurepHHUX OHOBJIEHb IIOJIATaE B TOMY, IO MapIIpyTHU3aTOD,
OJICpIKaBIIIM JIaH1 PO 3MIHY METPHUKH JI0 SKOi-HEOYIb MEpexkKi, HEe YeKa€e 3aKIHUCHHSI
nepioAy Imepenadl TaOIWIll MapuIpyTH3alii, a mepenae JaHl Mpo MapupyT, M0
3MIHMBCS, HeraiiHo. Lleit mpuitom Moke y OaraTboX BUMAAKaxX 3amoOirTé mepeaadi
3aCcTapiIuX BIIOMOCTEH MpPO MAapUIpyT, LIO BIAMOBHUB, ajie BIH INEpPEHABAHTAXKY€E
MEpEeXY CIyKOOBUMHU MOBIIOMJIEHHSIMA, TOMY TpPHUIE€pHI OTrOJIOIIEHHS TaKOX
poOnsAThCA 3 Aeskor 3aTpuMkoro (1-5 cekyHn). Tomy MOXiIHMBa cUTyalis, KOJIH
peryjsipHe OHOBJIEHHS B SKOMY-HEOy/Ib MaplIpyTHU3aTOpl TPOXH BUIIEPEAUTH 32
4acoM TPUXiJA TPUTEPHOTO OHOBIGHHS BiJ TMOMEPEAHHOTO B  JIAHIIOTY
MaplIpyTU3aTopa 1 JaHUM MapHIpyTU3aTOp BCTUTHE MEPENaTH MO MEPEXl 3acTapliy
1H(}OopMaIIito MPo HEICHYIOUHUM MapIIPYT.

Jpyruii npuiloM 103BOJIsi€ BUKIIOYUTH NOAIOHI cuTyauli. BiH noB's3aHuil 3
BBEJICHHSIM TaliM-ayTy Ha YXBaJCHHS HOBHUX JaHHUX MPO MEPEXKY, KA TIIbKH IO
ctana HeaoctynHowo. Lleit TaiiM-ayT 3amo0irae yxXBaJIeHHIO 3acCTapuIMX BiJIOMOCTEH
Ipo JIeAKUW MapHIpyT Bl THX MAapUIPYTHU3aTOPIB, SKI 3HAXOIATHCA HA JCSKIN
BIJICTaHI BiJ] 3B'SA3Ky, IO BIJIMOBUB, 1 MEpPeAarOTh 3acTapiyii BIJOMOCTI IPO HOro
npate3natHicThb. [lependadaerbesd, 110 NPOTATOM TallM-ayTy «3aMOPOXKYBAHHS 3MIH»
[l MapUIPyTU3aTOPU BUKPECHSTHh JAAHUN MapIIpyT 31 CBOIX TaOJIMIlb, OCKUIBKUA HE
oJlep>KaTh MPO HHOIO HOBUX 3aIMCIB 1 HE MOIIKUPIOBATUMYTh 3acTapuil BIJIOMOCTI 1O

MEpexi.

IIporokoa crany kanajis OSPF
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[Tporoxon mapmpytusaiii OSPF (Open Shortest Path First) BimHocuThCst 10
IPOTOKOJIIB BHYTPIIIHBOI MapHIpyTH3allii 1 HpeacTaBise coO0I0 MPOTOKON CTaHy
KaHaJliB, 1[0 BUKOPHUCTOBYE airoput™ SPF monryky HallkopoTIoro nuisxy B rpadi.

Ha nepwiomy emani 1oOymoBu TaOnmuili MapmpyTw3ailii, KOXEH
MapuipyTu3atop Oyaye rpad 3B'SI3KiB Mepexi. Jas 1mbporo MapupyTusaTopu
OOMIHIOIOTBCS 31 CBOIMU CyciaMu iH(opMaIli€w npo rpad mepexi, 3a JOMOMOTOI0
noBimomsieHb  «router links advertisement» - OroyiomeHHS PO  3B'SI3KH
Mapuipytuzaropa. [lpu mepemadi tomosioriyHa iHdopmalis He MoaudikyeTbcs. B
pe3yabTaTi BC1 MApLIPYyTU3ATOPU MEPEX] MAlOTh B CBOEMY PO3MOPSIPKEHH] OJHAKOB1
B1JIOMOCTI 1po rpad Mepexi, siki 30epiratoTbCs B TONOJIOTTUHIN 0a31 TaHUX.

/Jlpyzuii eman - 3HaXO/DKEHHS ONTHMAJIbHUX MAapIIPYTIB 3a JIOIOMOIOIO
onepxkanoro rpada. Koxxen mapuipyTuzatop BBaxkae cebe EHTPOM MEPEXki 1 IIyKae
ONTUMAJIbHUM MapHIpyT JO KOXKHOT BIIOMOiI oMy Mepexki. Y KOKHOMY 3HaiIeHOMY
TaKUM YMHOM MapIIpyTi 3aramM'siTOBYEThCA TUIBKM OJAMH KPOK - JIO HACTYITHOTO
MapuipyTu3aropa. el Kpok 1 3aHOCUTBCS B TAOJIUII0 MapUIpyTH3alii. ¥ IpoTOKOII
OSPF nHa npyromy erarmi BUKOPUCTOBYETHCA iTepaTUBHUM anroput™ JifikcTpu. Skiio
JeKUJIbKa MapuipyTiB MarOTh OJHAKOBY METPUKY N0 MEpexXl MPU3HAYEHHS, TO B
TaOIHII MapIIPyTU3AIlil 3amaM'ITOBYIOThCS TIEPII KPOKH BCIX IIMX MApIIPYTIB.

CrnigkyBaHHS 3a 3MIHaMHM CTaHy MeEpeXl 1 KOperyBaHHA B TaOJHUIISIX
MapuipyTH3auii OpoBOAUTHCS 3a Jonomororo nosigomiienb HELLQ. KoperyBaHHs
TaOJIUIlb TPOBOJAMTBCSA TUIBKHM, SKIIO CTaH »3B'A3Ky 3MiHUBCS. [lpu 1pomMy
MPOBOAUTHLCA PO3CUIIKA HANUOMMKYUM CYCiIaM HOBOTO OTOJIOIICHHS TUIBKH 100
naHoro 3B's3Ky. OnepikaBIIM Take MOBIAOMIICHHS, MapIIpyTH3aTOp TNepelynoBye
rpad Mepexi, HAaHOBO IIyKAa€ OMTUMAJbHI MapUIPYTH 1 KOPETye CBOIO TaOIUIlO
MapuipyTu3auii. MapmpyTu3atop peTpaHCIIOE OTrOJIOMIEHHS KOXXHOMY 31 CBOiX

HaHOMIKYUX CYCIiB (KpIM TOTO, BiJ] IKOTO BiH OJIEPKaB II€ OT'OJIOIICHHS).

6.4.1. Iepapxiuna mapupyrusauisa (po30uTTs HA 00J1aCTI)
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s cnporieHHs OOYHMCIEHHS MapUIpyTiB 1 3MEHIIEHHS po3Mipy 0a3u AaHHX
crany 3B's3kiB OSPF-cuctema moxe OyTu po30uTa Ha OKpeMi He3alexkHi 00yacTi
(areas), 1m0 00'eTHYIOTHCA 3a goroMororo Marictpaii (backbone).

MapipyTi BcepenHi KOKHOT 00J1aCTi 0OUUCITIOIOTHCS SIK B OKPEMIi CUCTEMI:
0a3a JTaHMX CTaHy 3B'SI3KIB MICTUTh 3alMCH TIIBKH IPO 3B'SI3KM MapIIpyTH3aTOPiB
ycepeauHi o0JacTi, i MPOTOKOJY 3aTOIJICHHS HE PO3MOBCIOKYETHCS 3a MEXI
o0acTi.

Jlesxi mapmpyTu3aTopy MIIKIIOYEHI JI0 MaricTpali 1 OJHIi a0o0 JeKUIbKOM
nepudepiiinum  obnactsaM. Taki MapHIpyTH3aTOpU HA3UBAKOTHCA  OOJACHUMU
NPUKOPIOHHUMHU MapuipyTtuzatopamu (area border router, ABR). Koxna obnactb
MIOBUHHA MaTH K MiHIMyM ojiuH ABR.

OO0JsiacHI MPUKOPAOHHI MapIIPyTH3aTOPH MIATPUMYIOTH OKpemi 0a3u JaHHX

CTaHy 3B'SI3KIB JIJIsl BCIX 00J1acTeH.

6.4.2. I1o0ynoBa mapupyTiB

MeTpuka Mappyrty

MeTpuka BHU3HAYa€ OIIHKY SKOCTI 3B'S3Ky B JaHIA Mepexi: 4MM MEHIIa
METpHKa, TUM Kpalla SKiCTh 3'€qHaHHS. MeTpuka MapuipyTy JIOPiBHIOE CyMi METPUK
BCiX 3B'SI3K1B, 110 BXOJATh B MapIIPYT.

[Tporokon OSPF no3Bosisie BU3HAYUTH 111 OyIb-sIKOT MEpEXi pi3H1 3HAUCHHS
METPUK B 3aJIe)KHOCT1 BIJ] TUIy CEpBICY, BIAMOBIAHO N0 3HayeHHA nojs ToS ii
3aroyioBKa. J{Jsl KOXKHOTO THUITY CEPBICY OOUYHMCIIIOBATUMETHCS CBIM MapIIpyT.

MeTtprka Mepexi, 10 OLIHIOE MPOIMYCKHY CHPOMOKHICTh, BU3HAYAETHCS SK
KUIBKICTh CEKYH/I, iKa MoTpiOHa ass nepeadi 100 MOiT yepe3 dizuuHe cepeoBuIle
JTAHOT MEPEXKI.

[Topsimok po3paxyHKy METPUK, IO OIHIOTh HAMINHICTh, 3aTPUMKY 1

BapTICTh, HE BUBHAUCHUM.

ba3a nanmnx crany 3B'sa3kiB (BAC3)
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Hnsa pobotu anroputmy SPF Ha xokHOMY MapuipyTusatopi OyayeTbcsi 6asza
JAaHUX CTaHy 3B'A3KiB, IO MpeacTaBisie co0oto noBHuid omuc rpada OSPF-cuctemu.
[Ipn upoMy BepiimHaMu Tpada € MapUIpyTU3aTOpPH, a pedpamu - 3B'SI3KH, L0 iX
criony4aroTh. ba3u naHux Ha BCiX MapuipyTu3zaTopax oaHakoBi. baza maHux crtany
3B'SI3KIB MPEACTaBiIsie CO00I0 TaOJUIO, J€ JJIS KOXKHOI Mapu CYMDKHUX BEpIIHH
rpada BkazaHo pedpo, 110 iX Crojydae, 1 METpHKa IIbOro pedpa.

3a poOoTy 6a3 maHMX BIANOBIAIOTH HACTYIHI MpoTokonu: mpotokon Hello,
MIPOTOKOJI 00MiHY, TpoToKoJI 3aToruieHHs (flooding).

Ilo0ynoBa 0a3u JaHUX CTaHY 3B'A3KIB

IIporokoa Hello

[Ticns nimamzanii mogynst OSPF yepes Bci iHTepdeiicu, BrioueHi B OSPF-
cucreMmy, TmouyuHaTh po3cunatuca Hello-nmoBinomnenns. 3amanus Hello-
MIPOTOKOJY - BUSIBIIGHHS CYC1JIIB 1 BCTAHOBJICHHS 3 HUMH BIJTHOCHH CYMIKHOCTI.

Cycioamu nazuparothcsi OSPF-MapmipyTuzaropu, mo HiAKIIOYEH] 1O OJHIET
Mepexi (0 oJHI€T JiHIT 3B's13KY) 1 0OMiHIOIOTECA Hello-nmoBigomiaeHHAMMU.

Cymixcnumu nHazuparothes cycimHi OSPF-mapuipytuzatopu, ki yXBaldwid
pillieHHsT OOMIHIOBAaTHCS OJIMH 3 OJHUM iH(popMmaltiero, HEOOXITHOW st
CUHXpOHi3alli 06a3u JaHuX CTaHy 3B'S3KIB 1 moOymoBu MmapuipyTiB. He Bci cycinu
CTalOTh CyMIKHUMU.

Hello-naketu npoAoBXKyIOTh NEPIOJUYHO PO3CUIIATUCS 1 HICHSI TOTO, SIK CYCIIU
Oynu BusiBieHl. TakuM YMHOM MapIIpyTHU3aTOpP KOHTPOJIIOE CTaH CBOIX 3B'SI3KIB 3
CyClJIaMH 1 MO’KE€ CBOEYACHO BUSIBUTH 3MiHY LIbOTO CTaHy (Hampukiiaa, oOpuB 3B'A3KY
a00 BIOKIIFOUEHHS OJHOTO 3 cyciliB). OOpUB 3B'A3Ky MOXe OyTH TaKO>K BUSBIICHUH 1
3a JIOTIOMOTOI0 TIPOTOKOIY KaHAJbHOTO PIBHS, SKHA MPOCHUTHAJIZYE po
HEJIOCTYIHICTh KaHaly.

VY Mepexax 3 MOXKIMBICTIO MIUPOKOMOBHOI po3cuiku (broadcast networks)
Hello-naketu po3cunarotbes 1o MmyiabTUKacTUHTOBIN aapeci 224.0.0.5 ("Bcim OSPF-
Mapuipytuzaropam"). ¥V 1HIIUX Mepekax BCl MOXKIJIMBI apecu CYCiJliB MOBUHHI OyTH
BBEICHI aIMIHICTPATOPOM.

IIporokosa 00Miny
241



Jis  KOXHOT mapu CyMDKHHX MapIHIpyTU3aTOpiB  HEOOXIAHO BHUKOHATH
CHHXpOHI3amito i1X ©0a3 manux. CuHXpoHi3amis 0a3 JgaHUX BiOOyBaeThCsS 3a
JOTIOMOT 010 MpoTokoay oOMiHy (Exchange protocol).

CrioyaTKy MapmipyTH3aTOpU OOMIHIOIOTHCS TUTBKH OMKMCAMH CBOIX 0a3 JaHHMX
(Database Description), 1110 MiCTATh 1IeHTH(IKATOPH 3aMKCIB 1 HOMEPH iX Bepciit. Lle
JO3BOJISIE YHUKHYTH TEPECUJIKM BCHOTO BMICTY 0a3u J1aHUX, SKIIO MOTPIOHO
CUHXPOHI3YBaTH TIJILKH JIEK1IbKA 3aIHCIB.

[1ix yac 11p0ro 0OOMiHY KOXKEH MapHIpyTHU3aTop (POopMye CIHCOK 3aIuCiB, BMICT
AKX BIH MOBHMHEH 3amuTaTd (TOOTO Il 3amucy B Horo 0a3i JaHUX 3acTapiiau abo
BIJICYTHI), 1 BIANOBIJHO BIJANpPABIISIE MAKeTH 3anuTiB mpo craH 3B'sa3kiB (Link State
Request). ¥V BiAMoBiab BiH OJEpKy€e BMICT OCTaHHIX BEpCiii MOTPIOHMX HOMY 3aluCiB
B nakerax tumy "OnHoBieHHs cTany 3B'a3kiB" (Link State Update).

[Ticnst cunxponizailii 6a3 JTaHUX TPOBOUTHCS MOOYI0BA MApPIIPYTIB.

IIporoxkou 3aronsienns (flooding)

KosxeHn mapuipyTuszaTop BIAIOBIAE 3a Ti 1 JIMIIIE T1 3alIUCH B 0a3i JaHUX CTaHYy
3B'SI3KIB, SIKI OMUCYIOThH 3B'S3KH, IO BIIXOIATH Bl JaHOro Mapuipyrtusaropa. Lle
O3Hayae, 1110 MPU YTBOPEHHI HOBOTO 3B'SI3KY, 3MIH1 B CTaH1 3B'13Ky a00 ii 3HUKHEHHI
(oOpuBi), MapmIpyTHU3aTOp, BIAMOBIAAIBHUN 3a IIeH 3B'S30K, NMOBHHEH BIJIMOBIIHO
3MIHUTH CBOIO KOmMil0 0a3W JaHMX 1 HEraHO CHOBICTUTH peIITy BCIX
MapuipytuzatopiB OSPF-cuctremu npo 3MiHHM, 10 BIIOYJIMCs, 1100 BOHHM TaKOX
BHECJIM BUITPABIICHHS B CBOi KOITii 0a3u JIaHUX.

[Tlinnpotokon OSPF, 1mo BUKOHye 1€ 3aBAaHHS, HA3UBAETHCS IMTPOTOKOJIOM
3atomieHHs (Flooding protocol). Ilpu poGOTi 1HBOTO MPOTOKONY MEPECHIAIOTHCS
noBimomsieHHs Tumy "OnoBneHHs1 ctaHy 3B's3kiB" (Link State Update), orpumanns
SKUX TITBEPIKYEThCS MoBioMIeHHs MU Tuiy "Link State Acknowledgment".

Koxen 3amuc mpo craH 3B's3KiB Ma€ CBiil HoMep (HOMep Bepcii), SKUil TaKoXK
30epiraeThest B 0a3i ganux. KoxHa HOBa Bepcis 3amucy Mae Outbimmii Homep. [pu
PO3CHJIII TTOBIIOMJICHB PO OHOBJICHHS 3alycy B 0a3i JTaHUX HOMEp 3alucCy TaKOX
BKJIFOYAETHCSI B TIOBIOMJICHHSI JJIsl 3amoOiraHHs BUIAJKIB MOTpAIUISTHHS B 0asy

JAHUX 3aCTapiIuX BepcCil.
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MapuipyTtu3aTop, BIAMOBINATBHUNA 3a 3aMKC TPO 3B'SI30K, IO 3MIHUBCA,
po3cuiiae noBiiomiieHHs "OHOBIEGHHS cTaHy 3B'A3Ky" mo Bcix iHTepdeiicax. IIpoTe,
HOBI Bepcli CTaHy OJIHOTO 1 TOTO K 3B'SI3Ky MOBHHHI 3'SBJISATHCS HE YacTillle, HiX
00yMOBJIEHO MEBHOIO0 KOHCTAHTOIO.

Jani Ha Bcix mapuipytuszaropax OSPF-cucreMu nie HaCTYIHUNA aaTrOpUTM.

1. OneprkaTu MOBIAOMIICHHS. 3HANTH BIJIMOBIIHUHN 3amuc B 0a3i JaHUX.

2. Slxmo 3amMc He 3HAMAEHMH, AoJaTh ioro B 0a3y AaHUX, NEpenatu
MOB1JIOMJICHHS 10 BCiX iHTepdercax.

3. Sxmo HOMep 3amucy B 0a3l JaHMX MEHIIE HOMEpPA IOBIIOMJIEHHS, IO
OPUIILIO, 3aMIHUTH 3anuc B 0a3i JaHUX, MepelaTH MOBIJOMIIEHHS IO BCIX
iHTepdeicax.

4. Sxmo HOMep 3amucy B 0a3l JaHUX OUIbIIE HOMEpa MOBIJOMIICHHS, IO
NpUIILIO, 1 el 3anmuc He OyB HEIIOJAaBHO pO3iCIaHWM, pO3iciaTH BMICT 3aMUCYy 3
0a3u maHuX dYepe3 TOW 1HTepdeic, 3BIIKM NPUHANUIO TOBigoMIIeHHS. [loHSATTS
"HemogaBHO'" BU3HAYACTHCA 3HAYCHHIM KOHCTAHTH.

5. Y pa3i piBHUX HOMEpIB MOBIIOMJICHHS ITHOPYBATH.

[Iporokon OSPF BcTaHOBIIOE TakKoX TaKy XapaKTEpUCTUKY 3amucy B 0asl
JaHuX, K BiK. Bik gopiBHIOE HYIO Tipu cTBOpeHH1 3amucy. [Ipu 3aromnenni OSPF-
CUCTEMHU TOBIJIOMJICHHSIMU 3 JIaHUM 3allUCOM KOXKEH MapIIpyTH3aTop, SIKUN
PETPAHCITIOE MTOBIIOMIICHHS, 30UIbIIIYE BIK 3aMMCY Ha NEBHY BeaUYnHY. OKpIM 1bOTO,
BIK 301JBIIYETHCA HA OJUHUINIO KOKHY CEKyHAy. Uepe3 pi3HUII0 B Yaci MEPECUITKH,
PI3HUIIIO B KIJTBKOCTI TPOMDKHUX MapLIPyTH3aTOPIB 1 3 IHIIKUX MPUYUH BIK OAHOTO 1
TOrO0 K 3amucy B 0a3ax JaHMX Ha PI3HUX MaplIIpyTU3aTOpax MOXKe Jelio
po3pizasTHcs. Lle HopmanbHe sBHILE.

[Ipy mocsATHEHHI BIKOM MaKCHMaJIbHOTO 3Ha4YeHHs (60 XBWJIWH), BIAMOBIAHUN
3aMKC PO3MIHIOETHCS MAPIIPYTU3ATOPOM SIK MPOCTPOUYCHHUM 1 HEMPUAATHUMA IS
oOuuciIeHHs MapuIpyTiB. Takuii 3anvc MOBUHEH OyTH BUIAJICHUH 3 0a3u JaHUX.

Ockiibku 0a3M JaHMX Ha BCIX MaplIpyTHU3aTOpax CUCTEMHU IOBHHHI OyTH
1IEHTUYHI, TPOCTPOUCHUH 3aIUC MMOBUHEH OyTH BHUIAJICHUH 3 yCiX KOMiN 0a3u maHux

Ta Ha BCIX Mapupytuzatopax. lLle poOUTbCS 3 BHUKOPHUCTAHHSIM MPOTOKOTY
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3aTOIUICHHS: MAapUIPyTU3aTOP 3aTOIUIIOE CHUCTEMY IMOBIIOMIIEHHSIM 3 MPOCTPOUYECHUM
3anmucoM. BinmoBigHO, B ONMCaHUI BHILE AITOPUTM OOPOOKH TOBITOMIICHHS
BHOCSITbCSI JIONOBHEHHS, TIOB'SI3aH1 3 OTPUMAHHSM IPOCTPOUYEHOTO MOBIAOMIICHHS 1
BUJIAJICHHSIM BiJIMIOBIIHOTO 3aMUCy 3 0a3u JaHUX.
[Ilo6 3amucu B 6a3i JaHUX HE 3acTapiBajM, MapUIPYTU3aTOPH, BIAMOBIAAIBHI
32 HUX, MOBUHHI Yepe3 KOoxkH1 30 XBUJIMH 3aTOIUTIOBATH CUCTEMY IOB1IOMJICHHSIMU
PO OHOBJICHHS 3aIMCIB, HABITh SIKIIO CTaH 3B'A3KIB HE 3MIHWUBCS. BMiCT 3amuciB B
[IUX TTOBIJIOMJICHHSX HE3MIHHHH, aJie HOMEp Bepcii OUIbIIIe, a BIK IOPIBHIOE HYJIIO.
Jns 3a0e3nedyeHHs HAAIMHOCTI Tepefayi JaHUX peaTi3oBaHO MEXaHi3M
MIITBEP/KCHHST  MPUMOMY  TOBIIOMJIEHb, TaKOX JUISI BCIX  IOB1JIOMJICHb
O0YHCITIOETHCS. KOHTPOJIbHA CyMa.
IHinTpuMKa MHOKHUHHUX MAPIIPYTIB
Axio Mix JBOMa By3JIaMH MEpEXl ICHYE KiJIbKa MapHIpyTiB 3 OJHAKOBUMHU
abo OJIM3bKMMU 3a 3HAYEHHSAM MeTpukamu, npotokosn OSPF no3Boisie HampaBuUTH
YacTUHU Tpadiky MO HUX MapUIpyTax y HOPOMOpIii, IO BIANOBIIAE€ 3HAYECHHAM
MeTpuK. Hanmpukian, Ko iCHye JBa albTepHATUBHUX MapIIPYTH 3 METPUKAMH 1 i
2, To aB1 TpeTHUHHU Tpadiky OyJe COpsIMOBaHO IO MEpPUIOMY 3 HUX, & TPETHUHA, 110
3aJIUIINIIACS, — IO APYTrOMYy.
[To3utuBHMI €dEeKT TAKOTO MEXAHIZMY:
e 3MEGHIICHHS CEpPelIHbOT 3aTPUMKH MPOXOKCHHsS JedTarpamMm Mix
BiJIIPaBHUKOM U OJIEpP:KyBadeM;
e 3MEHUICHHs KOJIMBaHb 3HAYEHHS CEPEAHbOI 3aTPUMKHU;
® MOXIJIMBICTh IEpexoay Tpadiky Ha aIbTEPHATHUBHY JIIHIIO.
30BHILIHI MapIIPYyTH
Jnst pocarHeHHs Mepex, o He BxoasaTh B OSPF-cucremy (B aBTOHOMHY
CHCTEMY), BUKOPUCTOBYIOTHCSI TIPUKOPAOHHI MapIIpyTH3aTOPH aBTOHOMHOI CHCTEMHU
(autonomous system border router, ASBR), siki MatoTb 3B'sI3KH, 1110 BUXOJIATh 32 MEXK1

CHCTCMU.
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ASBR BHOCATH y 0a3y maHUX CTaHy 3B'A3KIB JaHI MPO MEPEexXi 3a Mexamu
CHUCTeMHM, IO JAOCSKHI depe3 Tod abo ixHmmii ASBR. Taki Mmepexi, a Takox
MapHIpyTH, 110 BEyTh A0 HUX, Ha3UBAIOTHCS 30BHIMIHIMU (external).

Y HaWmpoCTINIOMY BHWITAJIKy, SKIIO B cucTeMi € Tuthku omuH ASBR, BiH
MoBIIOMJIsIE 4Yepe3 cebe wmapmpyT 3a 3amoBuyBaHHsAM (default route) 1 Bci
nedTarpaMu, aJpecoBaHi B Mepexi, [0 HE BXOAATh Yy 0a3y JaHUX CHCTEMH,
BiJIIIPABIISIOTHCS Yepe3 el MapIIpyTH3aTOP.

Axkmo B cucremi € kimpka ASBR, TO, MOXIHBO, BHYTPIIIHIM
MapIIpyTH3aTOpaM CHCTEMH JOBEACThCS BUOMpATH, Yepe3 SKWA caMe TPaHWYHUN
MapuIpyTU3aTop MNOTPIOHO BIAMNPABIATH AcHTarpamMu B Ty a0o0 1HIIY 30BHILIHIO
Mepexy. Lle poOuThCS Ha OCHOBI cIemialbHUX 3amnuciB, BHeceHUX ASBR y 06a3zy
naHux cucreMu. Ll 3amucu MICTATh aapecy W MacKy 30BHILIHBOT MEPEXKI i METPUKY
BIJICTaH1 70 HEi, sika MOXke OyTH, a MOKEe i He OyTH MOPIBHSHOI 3 METPUKAMHU, 1110
BUKOPUCTOBYIOThCA B OSPF-cucremi. SIKiio MOXIMBO, aipecu JEKIIbBKOX 30BHINTHIX
MEPEXK arperyloThCs B 3arajibHy aJIpecy 3 KOPOTIIOK MACKOIO.

ASBR wMoxe onepxyBatu iH(OpMAIlI0O TPO 30BHINIHI MapHIPyTH Bij
MIPOTOKOJIB 30BHIIIHBOI MapuIpyTu3aiii. Bei abo nesiki 30BHILIHI MAPUIPYTH MOXKYTh
Oyt CkOHGITYpOBaHI aAMIHICTpaTOpoM (y TOMY 4YHCII €IUHUN MapupyT 3a

3aMOBUYYBaHHSIM).
6.4.3. Anropurm SPF

Anroputm SPF 6y 3anpononoBanuit E.B. [idikctpoit (E.W.Dijkstra).
Anroputm SPF, rpyHTyrounch Ha 06a3i JaHUX CTaHy 3B'S3KiB, OOYHMCIIIOE HAUKOPOTIII
NUISXA MK 33/IaHOI0 BEPIIMHOIO S Tpada 1 pemTor BCIX BEpHIMH. Pesynbpratom
po0oTH anroputMmy € Tabauus, A€ s KOKHOI BeplinHU V Tpada BKazaHUl CHCOK
pebep, 0 CMONMyYaroTh 3a/IaHy BEPIIMHY S 3 BEPIIMHOI V HAUKOPOTIINM ILISTXOM
(puc. 6.4).

3agamocs:

S - 3amana BepimHa (JKEPENOo MUIAXIB);
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E - mHOXMHA 00pOOIEHUX BEPIIMH, TOOTO BEPUINH, HAWKOPOTIIUN IUIAX O SKHX
B>KE 3HAMIIECHO;

R - MHOXUMHa BepmuH rpada, mo 3amumuiacs (To0To MHOXKHHA BepIIMH rpada 3a
BUKJTIOUEHHSIM MHOXUHH E);

O - BIIOpSAAKOBaHUHM CITUCOK IISXIB.

Bing—m0 | Mepexa | MeTpuka
OE®) A 2
OF6) C 3
O—-®@ B 1
Q-0 A 2
-0 C 3
OF O D 1
@®—-0 B 1
OFE) D 1

Pucyuok 6.4 - OSPF-cucrema 1 i1 0a3a maHUX CTaHV 3B'I3KIB
Yy A y

Ilpunyun po6omu anzopummy.

1. InimanizyBatu E={S}, R={eci eepwunu epagha, oxpim S}. Illomictutu B O
BCl OJTHOCETMEHTHI (3aBJIOBXKKH B OJIHE PeOpO) MapIIpyTH, 10 TMOYMHAIOTHCS 3 S,
BiJICOPTYBABIIH iX Y TIOPSAKY 3pOCTaHHS METPHK.

2. SIxmo O mopoxHii abo nepmmid MmapmpyT B O Mae HECKIHUCHHY METPHUKY,
TO BIJI3HAYUTH BC1 BEPIIMHU B R sIK HETOCSKHI 1 3aKIHYUTH POOOTY alrOpUTMY.

3. [lepmmii mapuipyt B MHOKKHI O ontuMansHuii - P. Bunanutu P 3 O. Hexait
V - ocranniii By3zon B P. Skmo V nanexuts E, mepeiitn go m.2; iHakme P €

HalikopotiuM 3 S B V (3anucyBatumeMo sik V:P); nepenectu V 3 R B E.
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4. TloOynyBatn HaOlp HOBHX MapUIPYTiB, L0 MIAJIATAIOTh PO3MIISIY, HUIIXOM
J0JTaBaHHS 10 MapmpyTy P BCiX OTHOCErMEHTHHX BiPI3KiB, MO MOYMHAIOTHCS 3 V.
MeTprka KOXHOTO HOBOTO MAapHIPYTy JOpPIBHIOE CyMi MeTpuku P 1 mMerpuku
BIJIMTOBITHOTO OJHOCETMEHTHOTO BiApi3Ka, MmO TMOYMHAETHCs 3 V. Jlomatu HOBI
MapLIpyTH y BIOPSAKOBAaHUN cnucok O, MOMICTMBIIM iX HAa MICLs BIANOBIAHO A0
3HaYeHb MeTpUK. [lepeiiTu 1o m.2.

Bci oOuncneHHs MPOBOASATHCS JOKAJIBHO MO BigoMiM 0a3l JaHUX, a TOMY
MIBU/LLIE B TMOPIBHSAHHI 3 JUCTAHLIMNHO-BEKTOPHUMHU mpoTokonamu. [lpum mpomy,
pe3yNbTaTH OTPUMYIOTHCS Ha OCHOBI IOBHOI, @ HE YacCTKOBOI 1H(opMalli npo rpad

MEpEexI.
6.4.4. ®opmar nakera

Bci makeru mportokony OSPF moumHaroThecst 3 24-0alTOBOTO 3arojioBka, siK

MoKa3zaHo Ha puc. 6.5.

[lepuie none B 3aronoBky OSPF — 1ie Homep Bepcii OSPF (version number).
Howmep Bepcii mo3Hauyae KOHKPETHY BUKOPUCTOBYBaHy peanizaiiro OSPF.

3a HoMepoM Bepcii e moJe Tumy (type). Icuye 5 Tunis nakeriB OSPF.

Hello. Binnpanserbes yepe3 peryssipHi IHTEpBalv 4acy JjIsl BCTAHOBJICHHS U

HIATPUMKHU CYC1ICBKUX B3a€MOBIJIHOCHH.

Field length,
In bytes

1 1 2 4 4 2 2 8 Variable
Ve Type FEEC Router ID| Area ID |Checksum AUHNETIEZHE Autentication Data
number length type

Pucynok 6.5 - @opmar nakera npotokoiny OSPF

Database Description. Onuc 6a3u ganux. Onucye BMicT 0a3u gaHux. OOmiH
IIMMU TTaKeTaMH BiZI0YBa€ThCA MPH 1HIIIATI3AIT CYyMI>KHOCTI.
Link-State Request. 3anut npo ctan kaHaiy. 3aMUTy€ YaCTUHU TOMOJIOTIYHOT

0a3u nmaHux cyciga. OOMIH MMM TaKeTaMd BiIOYBA€ThCSA MICHS TOTO, SIK SKUM-
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HEOYyIb MapIIpyTU3aTOp BUSABISE (IIUIIXOM TMEPEBIPKH MAKETIB OMHUCYy 0a3u JaHUX),
110 YaCTHUHA HOTO TOMOJIOTIYHOI 0a3u JaHUX 3acTapiia.

Link-State Update. KoperyBanHus crany kaHaiy. BiamoBigae Ha mnaketu
3aMATy TPO CTaH KaHamy. LI makeTw TakoX BUKOPUCTOBYIOTBHCS IS PETYISIPHOL
po3cuiku LSA. B ogun naker Mmoxke OyTH BKITIIOUEHO Kijbka LSA.

Link-State Acknowledgement (LSA). IlinTBep/ukeHHST CTaHy KaHaly.
[linTBepmKye TaKeTH KOPETyBaHHS CTaHy KaHanmy. llaketm KoperyBaHHS CTaHy
KaHaJy TOBHWHHI OyTH YITKO MIATBEPDKEHI, IO € TapaHTIEl0 HAJIMHOCTI Mpolecy
JJABUHHOI TIEPECHJIKM TIAKeTIB KOPETYyBaHHS CTaHy KaHaly dYepe3 SKy-HeOyab
00J1aCTh.

Koxne LSA B makeTti KoperyBaHHs CTaHy KaHaJy MICTUTh THUII MOJIsL. [CHYIOTh
6 TumiB LSA.

Tun 1. Router Links Advertisement - mapipyTr3aTop HOBIAOMIISIE PO CBOI
3B'SI3KM 13 CYCITHIMU MapHIpyTHU3aTOpaMH, TPAH3UTHUMH W TYMUKOBUMH MEpEKaMU;
MOIIUPIOETHCS KOKHUM MapIIpyTU3aTOPOM BCEpEerHI 00J1acTi, 0 AKOT HAJIEXKATh 111
3B'3KH.

Tun 2. Network Links Advertisement - MiCTUTh CIIMCOK MapIIpyTHU3aTOPIB,
MIJKITIOYEHUX JI0 MEpeXli MHOXKHHHOTO JIOCTYIy; TIOIIMPIOETHCS BHJIICHHM
MapHIpyTU3aTOPOM yCEPEIHI 00J1acTi, O SIKOT HAJICKHUTh JaHa Mepexa. DakTUIHO
ONMHCYE 3B'SI3KM, COpPSIMOBAaHI B rpadl CUCTEMHU BiJI BEpUIMHU THUNY 'TpaH3WTHA
Mepexa' 10 MapIIpyTU3aTOPIB 1€ MEpexi.

Tun 3. Summary Link Advertisement - omucye BiJicTaHb BiJ] JTaHOTO
obsacHoro rpannuHoro mapupyruzatopa (ABR) go IP-mepexi, mo nepedyBae 3a
MeKaMH J1aHoi oOusacti, anme HajaexuTh AaHii OSPF-cucTemi; MOMMPIOETHCS UM
ABR ycepenuni 06sacTi.

Tun 4. AS Boundary Router Summary Link Advertisement - onucye
BijictTanb Bix naHoro ABR no rpanuunoro mapmpytuzatopa cucremu (ASBR);

nomuproeTbest uM ABR ycepenuni o6iacTi.
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Tun 5. AS External Link Advertisement - onucye BijicTaHb 10 MEPEXi, 110
nepeOyBae 3a Mexxamu OSPF-cuctemu; mommproerscst ASBR 1 perpancitoeTses B yci
00J1acTi, KpIM TYMUKOBHUX, IXHIMU TPAaHUYHUMHU MapIIpyTH3aTOPAMHU.

Tun 6. AS External Link Advertisement (NSSA) - Te x, mo Tum 5, ane
MOIIUPIOETHCS BCEPEAMHI HE 30BCIM TYNMHUKOBUX oOjnacTeil (y Hux mommpenHs LSA
Tuiy 5 3a00poHeHe); Ha rpaHuiil NSSA 1 marictpaii nepeTBoproeTbesi B LSA tumy 5
JUTS TIOJANBIIOTO MOoMNpeHHs B cuctemi. @opmar inentnanuit popmary LSA tumy 5
3a BUHSITKOM HOMEpa THUITY.

3a noneM tumy 3arosioBka nakera OSPF ine mose nos:xunm makera (packet
length). [le mone Bka3zye Ha JOBXKUHY NakeTa pa3oM 13 3arosioBkoM OSPF y Gaiitax.

IMose inenTudikaropa mapmpyrusaropa (router ID) inentudikye mrepesno
makKera.

IMose inentudikaropa obdaacri (area ID) imenTHdikye o6nacTh, 10 SKOi
HaJexXuTh JaHui maker. Bci maketu OSPF mop's3ani 3 ofHI€0 KOHKPETHOIO
00J1acTIO.

CrangapTHe moJie KOHTPOJbHOI cymMu (checksum) mepeBipsie BMICT yChOTO
nakeTa JiyIsl BUSBIICHHS IMOTEHITIMHUX TOMIKO/KEHb, 1110 MaJIM MICIIe TIPU TPAH3HUTI.

3a mosieM KOHTPOJIBHOI CyMH iijie moJie Tumy nocBigueHHsi (authentication
type). [Ipukiagom Tuny mocBigueHHs € "mpocTtuil mapois". Bci 0OMiHU MPOTOKOTY
OSPF npoBonmaThCs 13 BCTAHOBJIGHHSIM MPABOMIPHOCTI. THI  TOCBIIYEHHS
BCTAHOBITIOETHCA 32 MPUHIIUIIOM "OKPEMHI JIJIsl KOKHOT oOmacTi".

3a moJsieM TUIy TOCBIJUEHHs e moJie mocBinyenHsi (authentication). Ile

1oJie Ma€ JOBXHUHY 64 6iTa 1 MICTUTH 1H(OPMAIIFO TOCBITYEHHSI.

6.5. IIporokosu IGRP i EIGRP
6.5.1. OcobsmBocTi nporokoay IGRP

[IpoTokon mapmipyTtu3zaiii BHyTpimmHboro nuio3y (Interior Gateway Routing
Protocol - IGRP) sBisie co60r0 mpoTOKOJI MapIipyTH3ailii, po3po0iIeHil y cepennHi

1980-x pp. kopmopartieto Cisco Systems.
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XapakrepucTuku nporokoay IGRP

IGRP € maucraHiiitHO-BEKTOPHUM MPOTOKOJIOM MapIIpyTH3allii BHYTPIITHBOTO
o3y (Interior Gateway Protocol - IGP).

Y npotokoni IGRP BukopHuCcTOBY€eThCS CKIIaieHa METPUKA, 110 OOUNCITIOETHCS
Ha I1JICTaB1 B3SITUX 3 TIEBHOIO Barol0 MaTeMaTUYHHUX 3HAYEHb 3aTPUMKH B 00'€THAHIM
MepexXi, CMyTH MPOINYCKAaHHS, HAJIWHOCTI W HaBaHTAXEHHSA. Y KOXHOI 3 TaKHX
BEJIMUMH € CBIi Koe(ilieHT (Bara), IKUi aaMiHICTPAaTOp MEPEXi MOXKE 3MIHUTH, X04a
pobutu e notpidHo ayxke obepexno. B mporokoni IGRP nepeadauenuii mmpokuii
Jlana3oH 3HayeHb MeTpuk. Hanpuknan, HaAldHICTP 1 HABaHTaXEHHS MOXKYThb
3MiHIOBaTHCS Big 1 g0 255, cMyra mpoIyCKaHHS MOXXE€ MPUAMaTH 3HAYEHHS, LI0
BIIMOBIAAI0Th MIBUAKOCTAM nepeaadi Big 1200 6it/c mo 10 I'6it/c, a 3aTpumMka Moxe
3MiHIOBaTHCS B Mexax Big 1 go 224. Ii mwmpoki Aiana3oHU 3HAYEHb METPHUK
JIOTIOBHIOIOTBCSI PSAJIOM KOHCTAHT, SIKI BU3HAUAIOThCS KOPUCTYBAayeM, IO JI03BOJISIE
aJMIHICTpaTOpy Mepexki BIUIMBAaTH Ha BUOIp Mapmpyty. ILli  KoHcTaHTH
MOPIBHIOIOTHCS 3 METPUKAMH 1 OJ[HA 3 OJHOIO Y BIJIOBIJHOCTI A0 JITOPUTMY, KU 1
BU3HAYAE €IMHY, CKJIQJCHY METPHKY. Taka THYYKICTh JTO3BOJISIE aIMIHICTpAaTOpaM
MepeKi BHUKOHYBaTH TOHKY HACTPOWKY aBTOMAaTHYHOTO BHOOPY MapuipyTy IO
npotokosry IGRP.

Jns 3a6e3nedenns qoaaTkoBoi rHydkocTi IGRP gomyckae mapiipyTtu3saiiito mo
JEKITbKOX MapiipyTax. KaHamum 3 OJHAKOBOIO CMYTOIO TIPOMYCKAHHS MOXKYTh
IUKJIIYHO MPOMYCKAaTH OJMH MOTIK JaHUX, 3 ABTOMAaTUYHUM IMEPEMUKAHHAM Ha
IHIIMI KaHaJ, SKIIO NepIIni Buiiae 3 naxy. MapuipyTu MOKyTh MaTu pi3HI METPUKU
1, pa3oM 3 TUM, 3QJIMIIAIOTHCS MINCHUMU MHOXHHHUMH Mapuipytamu. Hampuxman,
SKIIO OJWH MApUIPYT y TPU pa3u Kpammil 3a 1HmmH (HOro MEeTpuKa B TPU pasd
MEHIIIE), TO Kpaluii MapmpyT Oyae 3acTocoByBaTucCs BTpudYl yactime. [{ns Takoi
MapuIpyTu3alii MOXYTh BHKOPHUCTOBYBATHCS TUIBKH MapLIpyTH 3 METPUKAMH,
BIIXWJICHHS SIKAX BiJ METPUKH HAWKpPAIIOTO MapmipyTy mepeOyBaloTh y MexKax
MEeBHOTO fiana3oHy abo aucrnepcii. Jucnepcis € e oaHie XapaKTEPUCTUKOI0, SKa

MO>Ke OyTH BCTAHOBJICHA aIMIHICTPATOPOM MEPEXI.
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@DyHKUil NiABUIIEHHS CTA0LILHOCTI

[Iporokon IGRP wmae psn yskmii, npusHAYeHUX IS TIBUIIECHHS
CTaO1ILHOCTI: YTPUMaHHSI, PO3IICTUICHHS TOPU30HTIB 1 3BOPOTHI OHOBJICHHS.

YTtpumanus (holddown) 3acTocoByrOoThCS 1100 YHHKHYTH OHOBJICHHS B
TaOJIUIll MapIIPyTy, Ha SKOMY, MOXJIHUBO, BigOyBCs 301il. SIKIIO MapuipyTu3aTop
BUXOJUTh 13 Jady, TO CYCIJHI MapHIpyTH3aTOPH BHSBISIOTH II€ IO BiJACYTHOCTI
pEeryispHUX TOBIJOMJIEHb TMPO OHOBIEHHS  MapHIPyTiB. Y 1bOMY BHUIAJAKY
MapHIpyTHU3aTOpPU BU3HAYAIOTh HOBI MapUIPYTH 1 BIANPABIAIOTH MOBIIOMIICHHS PO
3MiIHYy MapuIpyTH3alii CYCIIHIM MapuipyTu3aTopaM. Pe3yiapTaToM IbOTO € XBHJIA
KOpeTyBaHb, SIKI MEPENaloThCcs 4Yepe3 Mepexy. Taki OHOBIEHHS  HaaXOAsITh Ha
IPUCTPOI MepexXi He 0HOYACHO. [IpucTpiid, ikuii 11e He oAepKaB MOB1IOMIIEHHS ITPO
301 y Mepexi, MOXE BIANPABUTH PETYJISPHE OHOBJIECHHS (BIANOBIAHO JO SIKOTO
MapuipyT, /€ IMIOWHO BIIOYBCs 301, € MIHCHUM) IHIIOMY MPHUCTPOIO, SKUH BXKE
oJiep>kKaB TOBIJOMIICHHS PO 301il. Y 1IbOMY BHUIIAJKY, HA BUILE3TaJJaHOMY MPUCTPOI
BUSIBUTHCS (1, MOKIIMBO, MOLIMPUTHCS J1aJll) HEBIpHA MapIIpyTHA 1HPOpMAILis.

[HTEpBaNM 3aTPUMKHU 3MiH MPOMOHYIOTH MAPUIPYTHU3ATOPAM MPOTATOM JESKOTO
nepioAy vacy He nepefaBaTH Jajii Oyab-sKi MOBIAOMIICHHS MPO 3MIHU, SIKI MOXKYTh
BIUTMHYTH Ha MapHIpyTH. [HTepBasl 3aTpUMKH 3MiH 3a3BUuYail OOMPAETHCS TaKUM
YUHOM, 11100 BIH TPOXHU MEPEBUIIYBAB YaC MPOXOHKEHHS OHOBIICHHSI MapIIpyTH3aIlii
y BC1i MEpexi.

MeTton po3uieruienHst ropu3oHTy (split horizon) onupaeTbes Ha TPUMYIIEHHS,
10 HEAOLUUIbHO MOCHJIATH 1HQOpMalil0 MpPO MapUIpyT Yy TOMY HampsMKy, 3BIIKA
BOHA HaJlIAIILIA.

PosmiernienHss ropu3oHTy 3amodirae yTBOPEHHIO MapHIPYTHUX TETENh MIXK
CYMDKHUMH MapuipytuzatopaMu. g mikBigaimii OUIbII BETUKUX MapIIPYyTHUX
MeTe b 3aCTOCOBYIOTHCS 3BOPOTHI OHOBJIEHHST (poison-reverse updates). 301bIeHHS
3HaUYC€Hb MapIIPYTHUX METPHUK 3a3BUYall BKa3ye€ Ha MOSBY MapHIPyTHUX METeTb. Y
bOMY BHIAJIKy MOCHJIaIOTh 3BOPOTHI OHOBJIEHHA , 00 BUJAIUTH LW MapuipyT 1

nepeBecTu Horo B pexuM yrpumanns. B peamizariiii IGRP Cisco 3BopoTHI OHOBIEHHS
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BIJNIPABIIAIOTHCS. B TOMY BUMAJAKY, SKIIO MAapUIpyTHa MeTpHKa 30ublryeTses B 1,1 1
OinbIIIe pasiB.

Taumepu

[Tporoxon IGRP mepenbauae BUKOpUCTaHHS psiAy TaMepiB 1 3MIHHUX, SIKI
MICTSTh TUMYAacOBI 1HTEpBaJd: TaMep OHOBJICHb, TaMep HEIIMCHMX MapIIPYyTiB,
nepioJ yTpuMaHHsS W TaliMep BUKIIOUeHHs. TaliMep oHoOBieHb (update timer)
BHU3HAYAE, 3 SIKOI0 YaCTOTOIO TIOBUHHI BIAMPABIATHACS MOBIJOMICHHS TTPO OHOBJICHHS
MapuipyTiB. s nporokony IGRP cranmapthe 3HaueHHs 1i€i 3MiHHOI 10piBHIOE 90
cek. Taiimep HeniicHux mMapuipyTiB (invalid timer) BU3Ha4ae, IPOTATOM SIKOTO 4Yacy
IIPH BIJCYTHOCTI MTOBIJOMJIEHb PO OHOBJIEHHS MapUIPyTU3aTOpP MOBHUHEH OYIKYBATH,
MepIl HDK OroJIOCUTH el MapuipyT HediiicHuMm. CrangaptHe 3HadueHHs IGRP mns
Takol 3MIHHOi CTaHOBUThL TpH Tepioau oHoBiieHHs . [lepion yrpumanns (hold-time
period) Bu3HaYa€e MPOMIXKOK 3aTPUMKHU BHECEHHSI 3MIH y TAOJIUII0 MapuIpyTU3aIllii.
Woro crangaprae 3mauenns B IGRP ma 10 cexynn 6inblne moTpiiiHOro mepiomy
Taiimepa oHoBiieHHs1. Haperri, Taitmep BukitoueHHs (flush timer) Bu3Hauae, CKiIbKu
yacy Ma€ MPOUTH 10 BUKJIIOUEHHS MapIlipyTu3aTopa 3 Tabiuill MapuipyTtusaiii. 3a
3amMoBYyBaHHsIM JuIsi mipoTokosny IGRP 1meilt wac y ciM pasiB mepeBullye mepion

PO3CHUJIAHHS OHOBJICHHSI MapIIpyTiB.
6.5.2. OcobauBocti nmporokoay EIGRP

Y nockoHaieHH TPOTOKOJI MapuIpyTu3aiii BHyTpimmHboro nuio3y (Enhanced
Internal Gateway Routing Protocol — EIGRP) , sBnsie co0oto pe3ynbrar eBOJIoLii
roro nonepeaHuka, nporokosry IGRP.

Mo:xausocTi i arpu0yTu nporokoay Enhanced IGRP

OCHOBHUMH BJIaCTUBOCTAMH, 110 BiApi3HA0Th Enhanced IGRP Bix iHmumx
MPOTOKOIB MapuipyTusailii, € IMmBUAKAa 30DKHICTh, MIATPUMKA MAcKd TMiAMEpPExi
3MIHHO{ JOBXHHH, YACTKOBUX OHOBJIEHB 1 IEKUIHKOX MPOTOKOIIB MEPEKEBOTO PIBHS
(AppleTalk, IP it Novell NetWare).

Mapuipytuzatop, Ha skoMy BUKOHY€EThCs TpoTokoi Enhanced IGRP, 36epirae

BCl MapuIPyTHI TaOJMI CYCIAHIX MaplIpyTU3aTOPIB, IO J03BOJIAE HOMY MIBHIKO
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aJanTyBaTHCS 10 aJbTEPHATUBHUX MAPHIPYTIB. SKIIO MIAXOASIIONO MapHIpyTy
Hemae, To Mapupytusatop Enhanced IGRP 3amutye anprepHaTuBHUII MapumipyT y
CyciiHiX MapuipytuzaTopiB. Lli 3anuTu mepenaroTbesi TOTH, MOKU aJbTEPHATUBHUN
MapuipyT He Oy/ie 3HaillACHO.

[Ipotokon EIGRP miatpumye Macku migMepek 3MIHHOT JOBXKHHHU, IO
JO3BOJISIE ABTOMATHYHO Y3arajbHIOBAaTH MaplIPyTH B MeXaX Mepexki 3 TMEeBHUM
HomepoMm. Kpim Toro, EIGRP mMoxkHa HacTpoiTM Ha y3arajdbHEHHS MaplIpPYyTiB Y
OyIb-IKHUX OITOBUX MeXax Ha OyJb-IKOMY iHTepdeici.

Enhanced IGRP He BHKOHYe NEpioJMYHUX OHOBJIEHb. 3aMICTh ILILOIO BiH
MOCWJIA€ OHOBJIEHY 1H(OpPMALiI0 YaCTHHAMM W TUIBKM y BHNAAKY 3MIHU METPUKU
Mapuipyty. [lommpeHHss 4acTKOBO  OHOBJEHOI  1H(OpMalii aBTOMAaTUYHO
O0OMEKYETHCSI TAKUM YMHOM, IO ii OACPKYIOTh TUIBKH Ti MapIIPyTU3aTOPH, SIKUM 1€
HEOOX1THO. 3aB/ASKU IIUM JIBOM BiacTHUBOCTSAM npoTokosry Enhanced IGRP nmoTpiOna
3HaYHO MEHIIIa CMyTa MpoITycKaHHs, Hi npoTokony IGRP.

OcCHOBHI IpouecHu i TeXHOJIOril

Jnsa  maBumenHs  edektuBHocTi B mpotokom — Enhanced  IGRP
BUKOPUCTOBYIOTHCS YOTHPU OCHOBHI TEXHOJOTIi, IO BIAPI3HAIOTH HOTO BIJ 1HIIMX
TEXHOJIOT1M MapIIpyTU3allii: BUSBICHHS/BIIHOBICHHS CYCITHIX MaplIpyTH3aTOPIB,
TPaHCIIOPTHUN TPOTOKOJI 3 JOCTOBIpHOIO Tiepemaueto (reliable transport protocol,
RTP), mammna 3 KiHIIeBUM 4ucioM cTaHiB anroputMy DUAL 1 Moy, 3a1exHi Bij
IIPOTOKOITY.

MexaHi3M BHUSBJIEHHS 1 BIJIHOBJIEHHS CyCIHIX BY3JIIB J03BOJIsIE
MaplIpyTHU3aTOpaM TUHAMIYHO BHSIBJISTH 1HIII MapIIpyTH3aTOPU y CBOIA MeEpexi.
Kpim Toro, MapuipyTu3aTtopu MOBUHHI BU3HAYATH CTaH CYCIIHIX MapuipyTU3aTOPIB Y
BUMAJKaxX, KOJM Ti CTalOTh HEJAOCTYNMHMMH abo Hempane3gaatHuMmu. lleli mpoiiec
peami3yeTbcsi 3 HEBEJIMKUMH BHUTpPAaTaMH PECYPCIB 3a JOTIOMOTOI0 TMEPiOJUYHOI
nocwiku HeBenukux makeTiB BiTaHHS (hello packets). Tloku wmapmpyTtuzatop
OJIep>Ky€ MAaKeTH BITaHHS BiJl CYCITHBOTO MapIIpyTHU3aTOpa, BiH BBAXKAE, 10 CYCIAHIN
MapIIpyTH3aTOp TMpare3laTHUd 1 M0 BOHU MOXYTh OOMIHIOBATHUCS MK COOOIO

MapuIpyTHOI iH(OopMaIIi€ro.
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TpancnoptHuii mpoTtokon 3 goctoBipHOO mnepenadeto (Reliable Transport
Protocol - RTP) 3a0e3meuye rapaHToBaHy, YNOpPSJIKOBaHY JOCTaBKY IIaKeTiB
nporokony EIGRP ycim cycigniM Mapmipytuszaropam. BiH miaTpumye 3milaHy
nepemady 0araTto- i ogHoaapecaTHuX makeTiB. J{ms 6inbmoi egextuBrocTi EIGRP, 3
rapaHTI€l0 JOCTABKU MEPEIalOThCs TUIBKH JESK] MaKeTH. Y Mepexax 13 MHOXKUHHUM
JIOCTYTIOM 1 MOXJIMBOCTSMHM TpymnoBoi mnepenaui, Takux sk Ethernet, Hemae
HEOOXITHOCTI TOCWJIATH TAKETH BITAaHHS KOXXHOMY CYCIIHBOMY MapIIpyTH3aTOPY
okpeMo. I[Ipotokon EIGRP Binmnpasisie nekiibkoM a0OHEHTaM OJIUH MaKeT BITaHHS,
110 MICTUThH BKa31BHUK, 110 1HPOPMYE OAEpKyBadiB PO Te, IO NAKETy HE MOTpiOHE
MiATBEPKCHHS. Y TaKeTaX 1HIIMX THITIB, TAKUX SIK TTAKETH OHOBJICHHS , BKa3yEThCH,
o0 MiATBepKeHHS HeoOximHe. B mportokoni RTP € 3acobu OinbIn IIBHUIKOTO
nepecwianHs OaraToaJpecaTHUX IMAaKeTiB, Y TOW yac SK BIANpaBKa MAKETIB, HE
noTpeOyroUnxX MiATBEPIKEHHSA, 3aTpUMyeThes. Lle m03BoMsie rapaHTyBaTH MIBHIKY
301KHICTD U1 IIBUAKICHUX 3'€1HAHbD.

Hudysiitanii anroputMm onoBieHHst (Diffusing Update Algorithm - DUAL)
po3pobieHo no3Botisie mapuipytuzaropam EIGRP Busnawatu, um € Mapuoipyr,
MOBIJIOMJICHUM CYCIJTHIM BY3JIOM, METJICI0, 1 JIa€ MOXJIMBICTh MapUIpyTHU3aTOPy, Ha
sakomy (Qyskiionye npotokoil EIGRP, 3Haxomutu anbTepHaTHBHI MapuipyTH, HE
YeKar4ud OHOBJICHOI 1H(OpMaIIii BiJl IHITUX MAPUIPYTU3ATOPIB.

Jns Bubopy edextuBHMX MapuipyTiB 0e3 mnerens DUAL BukopucroBye
iH(dopMmarIiito mpo BIACTaHb 1 BiOMpaE MapHIpyTH JJIs 3aHECEHHS B MapIIpyTHI
TaONMuIll, TPYHTYIOUHCh Ha JIOMYCTUMHUX Mapmipytuszatopax. Jlomyctumum
MapIIpyTU3aTOPOM BBAKAETHCS CYCIIHIM MapUIpyTH3ATOpP, KU BUKOPUCTOBYETHCS
JUTSl TIEPECHJIAaHHS TAKEeTIB /10 OJepKyBada 3 HAWMEHIIIMMU BUTPATaMH 1 TapaHTYE
BIJICYTHICTh MapIIPyTHUX METelb. SIKII0 B CyCIAHBOTO MapIIPyTU3aTOPa 3MIHIOETHCS
MeTpuka abo Tomojorii Mepexi, To DUAL mykae B Mepexi AOMycTUMI
MapmpyTtuzaropu. Skmo Oyne 3HaiiaeHuit xoua 60 omamH, To DUAL BukopuctoBye
Horo, mo0 YHUKHYTH TIOBTOPHOTO oOOYHMCIeHHS Mapuipyty. [lpum BiacyTHOCTI
JOMYCTUMUX MAapIIPyTU3aTOPiB 1 MOBTOPHHUX TOBIJIOMJIEHh MPO OAEp)KyBada Bij

CYCIAHIX MapHIpyTHU3aTOPIB TMOBTOPHE OOYMCIICHHS MapUIpyTy (sSKe Ha3UBaIOTh
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TuQy31HHUM OOUMCICHHSIM) BCE-TaKU BUKOHYETHCS, TOMY 1[0 HEOOX1AHO BU3HAYUTU
HOBHI JOMyCTUMHIA MapuipyTu3aTtop. Xoda MOBTOPHI OOYMCIICHHS HE BUKIMKAIOThH
MIJBUIIEHOTO HABAHTAXKEHHS HA IMPOIECOpP, BOHU BIUIMBAIOTH Ha IIBUIKICTD
301KHOCTI, TOMY Kpallle X YHHKaTH.

Konnenuii Mapmpyru3amii

[Ipotokon EIGRP omnmpaeTrbcss Ha YOTHPH OCHOBHI KOHIICMINi: TaOIHIl
CYCITHIX MapUIpyTH3aTOpPiB, TOMOJOTIYHI TaOJMIll, CTAHU MApHIPYTIB 1 MapKyBaHHS
MapuIpyTiB.

Konu MapuipyTu3atop BUSBIISIE HOBHI CYCIJIHIA MapIIpyTHU3aTOpP, BIH CTBOPIOE
3anuc y Ta0JuIli CyciaHix MapumpyTH3aTopiB 1 3amucye B Hei Woro aapecy i
iHTepdeiic. CyciiHIi MapuIpyTU3aTOp MOCUJIAE TAKET BITAHHS, IO CIOBIIIAE PO
gac, MPOTATOM SKOTO BiH BB@)XA€THCSA JOCTYITHUM 1 Mpare3gaTHUM. SIKIIO MakeT
BITaHHS HE OTPUMAHMM MPOTAroM 4acy 3aitHsTocTi, To DUAL crnoBimaerscs mpo
3MiHY TOIOJIOTI.

KpiMm Toro, y Tabmuii CyciagHIX MaplIpyTU3aTOPIB MICTUThCS 1H(GOpMALs 1S
nporokony RTP. Jlns y3rojkeHHs MakeTiB MaHUX 1 MIATBEPKEHHS IXHBOTO
OJICp’KaHHSI BUKOPUCTOBYIOTHCS HOMEPH MOCHIIOBHOCTEH. OCTaHHIA TOPSIAKOBUIMA
HOMEpP, OTPUMAHUN BiJ CYCIIHBOTO MapuIpyTuzaTopa, (PiKCyeThCs, IO HO3BOJISE
BUSIBIISAITH TIAKETH, IO BHMAIM 3 IOCIIAOBHOCTI. JIJs mepecwnaHHsS Ha CYCIIHIN
MapIIpyTU3aTOp BUKOPHUCTOBYETHCS Yepra Ha OCHOBI CHHUCKY MEpeIaHUX MaKeTiB.
JIist OIIHKK ONTHUMAJIBHOTO 1HTEpPBAIy MOBTOPHOI IMepefadi BUKOPUCTOBYIOTHCS
3amicl B TaOJIMIMX CYCIIHIX MapLIpyTU3aTopiB, € 30epiraloTbCsl 3HAYEHHS
TalilMepiB Mepeaayl MakeTiB y NPSIMOMY il 3BOPOTHOMY HANPSAMKY.

Y TomosoriyHUX TaOJMUSX MICTITHCS BCl aJpecu OEep>KyBadiB, MPO SKi
CIOBIIIAIOTH CYClJIHI MapuIpyTu3aTopu. KokeH 3amuc TonoaoriuHoi Tadaulil MiCTUTh
aZipecy oJiepKyBada ¥ CIUCOK CYCITHIX MapHIpyTH3aTOPIB, SKI MOBUHHI CIIOBIIATH
npo 1i agpecu. st KOXKHOTO CyCITHBOTO MapIIpyTHU3aToOpa ICHYIOTh 3aIMCH MEBHOT
METPHUKHU, SIKI 30€epiraroThbCsi CyCIAHIMU MapUIpyTH3aTOpaMH B iXHIX MapIIpyTHHX
tabmuisix.  [Iporokomam  maprmpyTuzaimii MO  BEKTOPY BIACTaHI  HEOOX1THO

JOTPUMYBATHCSI HACTYITHOT'O TMpaBWJIA: SIKIIO CYCIAHIA MapIIpyTHU3aTOp MOBIIOMIISE
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po Te, 10 OJIeP>KyBay TOCSHKHUMA, TO BOHU MOBUHHI BUKOPUCTOBYBATH 1I€i1 MapIIpyT
JUTSI TIepeiadi TaKeTiB.

MeTtpuka, siKa BUKOPHCTOBYETHCS MapIIPyTU3aTOPOM JUIsl 3BEPTAHHS [0
OJIep)KyBada, acOIUIOETBCS 3 OJIepKyBaueM. MeTpuka, 110 BHKOPUCTOBYE
MapHIpyTH3aTOp Yy MAapUIIPYTHUX TaOMUISIX 1 MpO SKy BIH CIOBIIIAE 1HIII
MaplIpyTHU3aTOPU, € CYMOIO HaWKpal[uX METPHUK 1 KaHAJIIbHUX BUTPAT HAMKpamioro i3
CYCIJTHIX MapIIpyTHU3aTOPiB.

3anucu TOMOJOTIYHUX TabJUIb, IO CTOCYIOThCS OJEpPXKYBaudiB, ICHYIOTH Y
JBOX CTAHAX: aKTUBHOMY i macuBHOMY. OfepkyBay nepedyBae B MIACUBHOMY CTaHi,
KOJIM MaplIpyTH3aTOp HE BUKOHYE OOYHMCIIEHHS MaplIpyTy, 1 B aKTUBHOMY, SKIIO
Taki OOYMCIEHHS BHUKOHYIOThCS. SIKIIO JOMYyCTHMI MAapLIPYTH3aTOpU 3aBXkIu
JIOCTYTMHI, TO OAEpP)KyBau HIKOJM HE Mepeijiec B aKTUBHUI CTaH, Yy Takuil crocio
YHHMKAIOYHU MIOBTOPHUX OOYNCIIEHbD.

[ToBTOpHI OOYMCIIEHHS BUKOHYIOTHCSI B TOMY BHUIMAJKY, KOJHM OAEPXKYyBau He
Ma€e JIONyCTUMHUX  MapuUIpyTH3aTopiB. MapupyTuzatop  iHIIIOE  HOBTOPHI
OOYHMCIICHHS, TOCUIal0uX 1HGOPMAIIHII TTAKET 13 3aITUTOM JI0 KOKHOTO CYCITHBOTO
MapuipyTu3aTtopa. Y CBOIO 4epry, CyCIOHIA MapuIpyTHU3aTOp MOXKE BIANPABUTU
BIANOBIAHUN TAKeT, M0 TMOKa3ye, 10 [ OJepKyBada € JOMyCTHUMHH
MapuipyTu3aTop, abo MIATBEpIUTH, M0 BiH Oepe ydacTh y MpOIeci MOBTOPHHUX
oOuucnens. [loku oxepxkyBau nepeOyBae B aKTMBHOMY CTaHi, MapLIpyTHU3aTOp HE
MOK€ 3MIHUTH 1H(GOPMAIII0 B MApUIpyTHIN Tabnuii. [Ticas Toro sik MappyTu3aTop
OJIEP>KUTh BIAMOBIAL B1J BCIX CYCIIHIX MapHIpyTH3aTOpIB, 3alIUCHU B TOMOJOTTUHIN
TaOMNHILI JJI1 OAEP>KYyBayiB MOBEPHYTHCS B MACUBHUI CTaH 1 MapUIPyTU3aTOP 3MOXKE
BUOMpATH JOMYyCTUMUNA MapLIpyTU3aTOp I OJIep KyBaya.

[Iporokon EIGRP minrpumye BHYTpilllHI ¥ 30BHILIHI MapupyTd. BHyTpimiHi
MapHipyTH TOPOJKYIOThCS aBTOHOMHOIO cuctemoro 3 Enhanced IGRP. Takum
YUHOM, O€3MOoCepeHbO MIAKIIYeHa Mepexka, [0 HACTPOE€HAa Ha BUKOPHCTAHHS
EIGRP, po3paxoBaHa Ha BHYTPILIHIO MAPUIPYTU3ALIiI0 ¥ HOLIUPIOE 10 1H(OpMAILit0
3 aBTOHOMHHX cucteM uepe3 mpotokoa EIGRP. Iudopmaris npo 30BHIimHI

MapHIpyTH MOLIMPIOETHCS IHIIMM MPOTOKOJIOM MapuIpyTu3amii abo 30epiraeTbcs B
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MapuIpyTHi Tabmuui sk crtaTuudHi MapupyTu. LI mapmpytd MapkyloTbhest
IHAMBITyaIbHO BIAMOBITHO IO JDKEpeNa. 30BHINIHI MapHIPyTH MapKyHOThHCS
HACTYITHOIO 1H(OpMaIi€lo:

e igenrudikatop (ID) mapmpyrtuzaropa i3 nporokosnom Enhanced IGRP,

10 TOILIUPIOE MAPIIPYT;

e HOMep AS-onepxyBaua;

e MapKep aJMIHICTpaTopa;

¢ [D 30BHINIHBOTO MPOTOKOIY;

® METPHUKA 30BHIIIHBOTO MPOTOKOIY;

e 0ITOBI IPANOPHU CTAaHAAPTHOT MaPIIPYTHU3AILI].

MapkyBaHHS MapuIpyTy HaJa€e MOXJIHUBICTb  aJIMIHICTPATOPOBI Mepexi
HaJaIITOBYBAaTH MPOLEC MapIIpyTHU3alLli 1 3a0e3euy€e THyYKY CTPATErito KEpyBaHHS.
MapkyBaHHA MapuIpyTiB OCOOJMBO KopucHe s TpaH3uTHuX AS, ae Enhanced
IGRP B3aemomi€ 3 MiXKJIOMEHHUMH TTPOTOKOJIAMH MapIIpyTH3allii, Kl 3aCTOCOBYIOTh
OUIBII TJI00AJIBHI CTpATErii, M0 peali3yloTh MaclITa00OBaHy, 3aCHOBaHYy Ha CTpaTerii
MapHIpyTH3AIIIO.

Tunu nakeris nporokoay Enhanced IGRP

VY mporokoni Enhanced IGRP BUKOPHCTOBYIOTHCSI HACTYIIHI THUIIM IAKETIB:
BITaHHS, IIITBEPPKCHHS, OHOBJICHHS, 3aITUTH Ta BIITOBIII.

Ilakeru BiTanus (hello packets) € GaratoaapecaTHUMHU 1 MpU3HAYEHI IS
BUSIBJICHHS 1 BIJIHOBJICHHS 3B'SI3KY 13 CyCiIHIMH By3iamu. L[i makeTun He BUMararothb
1 TBEPKCHHS.

IMakeTn miaTBepIKEHHSI SBISIOTH COOOIO0 MAKETH BITaHHS, SKI HE MICTATH
nanux. [li maketn MICTSITh HEHYJIHOBI HOMEPH TMIATBEP/DKEHHS 1 3aBXKIU €
OJTHOAIPECaTHUMHU.

IlakeTH OHOBJIEHHSI  BHUKOPUCTOBYIOTHCS JUIsI 3a0€3MEUYECHHS TOCSIKHOCTI
onepxyBaua. Komm BHSBISETHCS HOBUHM CYCIOHIA  MapumipyTu3aTop, MHoMy
BIICUIAIOTHCSI TAKETU OHOBJIEHHS JUIsl TOro, 100 BIH 3MIT MOOyAyBaTH CBOIO

TOTIOJIOTIYHY TaOJMI0. B 1HIMMX BUIMagKax, TaKWX sIK 3MiHa BUTpAT Ha 3'€THAHHS,
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OHOBJIEHHs € OaratoanapecaTHuMH. [[akeTH OHOBIEHHST BUKOPHCTOBYIOTH Iepeaady
3 MiITBEPIHKCHHSM.

Ilakeru 3anuTiB i BigmoBizeil BiAMPABISIOTHCS, KOJIU OJICpKyBau HE Mae
JOMYCTUMUX MapmpyTtu3aTopiB. [lakeTu 3amuTiB 3aBXKAU € OaratoaapecaTHHMH.
[TakeTy BIAMOBIJICH MOCHJIAIOTH Y BIANOBIIb Ha TMAKETH 3aIlUTIB IS TOTO, II00
MOBIJIOMUTH JIKEPEITy WPO BIICYTHICTh HEOOXITHOCTI IOBTOPHO OOYMCIIIOBATH
MapIuIpyT, OCKUIbKH JOMyCTUMHUN MapuipyTtuzatop icHye. Ilakeru BimmoBimei €
OJIHOAJIPECAaTHUMHM W TpU3HAYEHI TIIBKH JJIs JpKepena 3anuty. [lakeTtw 3amuTiB 1

BIJINOBIJIEN BUKOPUCTOBYIOTh NIEpEIavy 3 MIATBEPIKEHHSM.
6.6. IIporoxosu EGP i BGP
6.6.1. OcobsmmBocTi nporokoiy EGP

[IpoTokon 3oBHimHBOro uLNO3y (Exterior Gateway Protocol - EGP) e

MIPOTOKOJIOM MIKJJOMEHHOI MapIIpyTH3arlii.

OcHOBH TeXHOJIOTII

EGP cnouaTtky mpusHauyaBcs ajisi niepefadi iHGopMailii mpo MapuipyTH MK
Mmarictpasibiumu Mapuipytuzaropamu  ARPANET. Indopmanisa nepepaBanacs 3
OKpPEMHX BY3JIB - JIKEpeJ, 0 NepeOyBaloTh y PI3HUX aJIMIHICTPATUBHUX TOMEHAX,
(aBTOHOMHUX cucTeMax - AS), Haropy B MaricTpajbHI MapUIPYTHU3ATOPH, SIKi
nepegaBaid 110 1HGOPMAIII0 Yepe3 MaricTpalibHy o0JlacTh JOTH, MOKH i MOXHA
OyJ0 mepeaTH BHU3 10 MEPEXi MyHKTY MPU3HAUCHHS, 1110 TIepeOyBae B MeKax 1HIIOq
AS.

HesBaxatouu Ha Te, 1o EGP € nuHamMi4yHMM MPOTOKOJIOM MapuipyTH3alii, BiH
BUKOPDHUCTOBYE Jy)X€ TIPOCTYy cxemMy. BiH He BHKOPUCTOBYE JOJATKOBI
XapaKTepUCTHUKH  MapHIpyTiB 1 HE  MOXKE MPUAMATH  TO-CIPaBXHbOMY
IHTEJIEKTyaJIbHUX pillleHb Mpo MapiipyTusaiito. KoperyBanus maprpyrtusaimii EGP
MICTATH 1HGOPMAIIiIO PO JOCSKHICTh MepeX. [HaKIe Kaxy4yu, BOHU BKa3ylOTb, 10 B

MEeBHI MepeX1 MOTPAIUIIIOTh Yepe3 NMEBHI MapIIpyTU3ATOPH.
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EGP wmae T1pu ocHoBHux ¢yHskimii. Ilo-mepmie, wmapumpyTH3aTopu, IO
npaiiooTh 13 EGP, opranizytots mis cebe neBHuii Hadip cyciaiB. Cyciau - 1ie mpocTo
1HIN MapIIpyTU3aTOPH, 3 SKUMH SKAKH-HEOYAh MapIIpyTH3aTOp XO4Ye KOJIEKTHBHO
KOpHUCTYBaTHUCS 1H(GOPMAIIIEI0 MPO TOCSHKHICTE MEPEXk; sSKi-HeOyIb BKa3iBKHU IIPO
reorpadiuyHe CyciicTBO He BKIoualoThesa. [lo-apyre, mapmpyrtu3atopu EGP
OMUTYIOTh CBOIX CYCIAIB JUIsl TOro, 00 MepekoHaTucs B ixHii mpane3gaTHocTi. [lo-
Tpete, Mapmpytu3atopu EGP BigmpaBisioTs MOBITOMIICHHSI PO KOPETYBAaHHS, IO

MICTATH 1H(POPMAILIIIO PO AOCSKHICTh MEPEXK Y MEkKax CBOiX AS.

dopMart naxkera

®opmar nakera npotokony EGP npencrasnennii Ha puc. 6.6.

Field length,
In bytes
1 1 1 1 2 2 2 Variable
EGP Autonomous Sequence
version | Type Code | Status | Checksum | system q Data
number
number number

Pucynok 6.6 - ®opmar nakera npotokory EGP

[lepmmim nonem y 3aronoBky nakera EGP € mose nomepa Bepcii EGP (EGP
version number). lle none Bu3zHauae mnotouHy Bepcito EGP 1 mnepeBipseTbes
MpUIMaTbHUMU TIPUCTPOSIMU ISl BU3HAYEHHS BIJIMOBITHOCTI MK HOMEpaMU BepCii
BIJITPAaBHUKA i1 0JIep>KyBaya.

HactynHuMm noneM € moJsie Tumy (type), 110 BU3HA4Ya€ THUI MOB1IOMIIEHHS. B
EGP icHye 5 okpeMux THUIIB NOBIJOMIIEHHS, K1 OyAyTb PO3IIISIHYTI HUXKYE.

3a mosiem Tumy #ae moJe koay (code). Lle mose BU3HAYae PIZHUIIO MIXK

IMATHIIAMHA ITOB1JOMJIEHE.

HacrtymnHe nosnie - moJie crany (status), sike MICTUTh 1H(OpMaIIito PO CTaH, 10

3aJIeKUThH BiJl MOBITOMJICHHS. Y YHCIIO KOJIIB CTaHy BXOJSATh KOJU HECTayl pecypciB
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(insufficient resources), HecnpaBHUX MapameTpiB (parameter problem), mopyiieHb
npoTokoiy (protocol violation), Ta iH1Ii.

3a moJsieM cTaHy e moJie KOHTpPoJabLHOI cymu (checksum). Kontponbhaa cyma
BUKOPHUCTOBYETbCSA MJIsi BHSBJICHHS MOMJIMBHUX MpoOJeM, sIKI MOTJIM 3'IBUTHCS B
MaKeTl B pe3yJIbTaTi TPAHCTIOPTYBAHHS.

3a mosieM KOHTPOJIbHOI CyMH K7€ MoJie HOMepa aBTOHOMHOI CHCTEMHU
(autonomous system number). BoHo Bu3zHauae AS, 10 AKOI HaJEXKHUTb
MapuIpyTHU3aTOP-BiANPABHUK.

OctanHiM nojem 3arosioBka naketa EGP € mose Homepa mociaiIoBHOCTI
(sequence number). Ile mnone no3Bonsie nBoM Mapupytuzatopam EGP, sxi
OOMIHIOIOTBCSI TIOBIJJOMJICHHSIMM, TIOTOJKYBaTH 3amuTH 3 BignoBigsMu. Komu
BU3HAYCHHI SKUII-HEOYAb HOBHMI CYCiJl, HOMEp IOCIIAOBHOCTI BCTAHOBIIIOETHCS Y
BUXIJIHE HYJIbOBE 3HAYEHHS 1 1HKPEMEHTYETbCS HAa OIMHMIIIO 3 KOXHOIO HOBOKO
TpaH3aKIE€IO 3aMUT-BIANOBIIb.

3a 3aronoBkoM EGP i1yTh mogaTkoBi moJisi. BMicT nux mosiB po3pi3HA€ThCS

3aJIe’KHO B1J] TUITY TIOBIJJOMJICHHS (SIKE€ BU3HAUAETHCS MOJIEM THUITY).

Tunu noBigoMiIeHb

3m00yTTa cyciga. [loBimomienns "3m100yTTs cycizna" MICTUTH y co01 iHTEpBal
BitTanHs (hello interval) i1 inTepBan omuryBanHs (poll interval). Ilone iHTepBamy
BITaHHsS BHM3HAYa€ TEpioJl IHTEpBATY MEPEBIPKU Mpare3aaTHocTi cycimai. [lone
IHTEepBaTy OMMMTYBaHHS BU3HAYAE YACTOTY KOPUTYBAHHS MapIIPyTH3AIIi1.

HNocsxHicTb cyciga. [loBimoMJeHHS MpO MOCSKHICTh Cycija HE MaroTh
OKpEeMHX TOJIB y YWCHI TOJIB, MmO HayTh 3a 3arojoBkoM EGP. Lli moBimomieHHs
BUKOPUCTOBYIOTh TIOJI€ KOAY JJIi BHU3HAYEHHS PI3HUII MIDK M[PUBITAILHUM
MOBIJJOMJICHHSIM 1 BIJIMIOBIJIII0 HAa MPUBITAbHE TOBiAOMIICHHSA. Buminenus ¢GyHKIi
OIIIHKK JIOCSHKHOCTI 3 (DYHKIIT KOperyBaHHS MapIipyTu3ailii 3MeHInrye Tpadik B
MEpexi, TOMY 110 3MIHHM ITPO JIOCSHKHICTh MEPEXkK 3a3BUYail 3'sBISIOTHCS YacTillle, HiXK

3MIHM TapaMmeTpiB mapupytusauii. bynb-sxuit By3on EGP 3asBnse mpo BigMoBy
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OJTHOTO 31 CBOIX CYCi/iB TIJIBKH MICIS TOTO, SIK BiJ HHOTO HE OYB OTpUMaHHUI NEBHUMN
BiJICOTOK TIOBIOMJICHB TIPO JOCSHKHICTb.

OnuryBanund. 11[o6 3a6e3neunTtu npaBuwibHy Mapuipytusaiio Mixk AS, EGP
MOBMHEH 3HATH TMPO BIAHOCHE MiCIIe pO3TallyBaHHS BIAJaJICHUX BY3IIB.
[loBimomMiIeHHST OMMUTYBaHHS J03Bojsie  MapuipyTtuzatopam EGP  onepkyBatu
iH(opMaIlil0O TPO JOCSHKHICTE MEPEX, Y SKUX NepeOyBaroTh Il MaliuHU. Taki
MOBIJIOMJICHHS MalOTh TUIBKH OJTHE TOJIe KPIM 3BUYAHOTO 3arojIOBKa — IMOJIe MEpexi
mxepena [P (source network). Ile mnone Bu3HAuae Mepexy, IO TMOBUHHA
BUKOPHCTOBYBATHUCS K KOHTPOJIbHA Kpamka JjIsl 3aInTy.

KoperyBanns  mapmpyrusamii.  [loBimoMieHHs  1po  KOperyBaHHS
MapuipyTu3amii gaoTe MapupytuzatopaMm EGP  MoXIuBICTH BKazyBaTh MicCIe
pO3TalllyBaHHS PI3HUX MEpek y Mexkax cBoix AS. Ha nmomaTtoxk a0 3BUYaitHOTO
3aroJioBKa I1i MOB1JIOMJICHHS BKJIFOYAIOTh KUJIbKA JOJATKOBUX TOJIIB.

[Tone umcna BHYTpIIHIX MapuipyTtu3aTopiB (number of interior gateways)
BKa3y€ Ha YMCJIO BHYTPIIIHIX MAPUIPYTU3ATOPIB, IO 3'SBISIOTHCA B MOB1IOMJIEHHI.

[Tone wumcna 30BHIMIHIX MapmpyTuzaTopiB (number of exterior gateways)
yKa3y€e Ha YKCJIO 30BHIIIHIX MapIIPYTHU3aTOPIB, IO 3'IBJISIIOTHCS B TTOB1IOMJICHHI.

[Tone mepexi mkepena IP (IP source network) 3abesmeuye ampecu IP Tiei
MEpeXi, BIJI SKOI OOMIPIOETBCS JIOCSIKHICTh. 3a IIMM IIOJIEM M€ IOCTIJOBHICTh
OyiokiB MapmipyTtuzatopiB (gateway blocks). Koxen 070k MapuipyTu3atopis
3abe3neuye anpecu [P sxoro-HeOyap mapuipyTtuzaTopa i mepesik Mepex, a TaKoX
BiJICTaHEH, OB'A3aHUX 3 IOCATHEHHSIM IIUX MEPEXK.

Y Mexax omHoro Oioky mapuipyTtuszatopiB EGP mepeunciioe mepexi mo
BijicTaHax. Hampukian, Ha BifgcTaHl Tpu Moxke Oytu doTupu mepexi. L1 mepexi
nepepaxoBaHi Mo ajapecax. HacTynmHow rpymnor Mepexk MOXYyTh OyTH MEpexi, II0
nepeOyBaroTh Ha BijacTaHi 4, 1 T.J.

EGP ne posmmdpoBye MOKa3HUKHU BiJICTaHI, IO MICTATHCS B MOBITOMJICHHSX
npo KoperyBaHHs mapuipyTiB. EGP ¢GakTH4HO BHUKOpPUCTOBYE MOJ€ BIACTaH1 AJis
BKa31BKM 1CHYBaHHSI SIKOTO-HEOyIb MapUIpyTy; 3HA4Y€HHS BIJACTaHI MOXe OyTu

BUKOPUCTAHO TUIBKU JIJIi MOPIBHSHHS MapIIpYTIB, SKIIO I[I MapLIPyTH MOBHICTIO
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nepeOyBaroTh y Mexax ofHiei koHkpeTHOi AS. I3 uiei npuunnu EGP € ckopime
IPOTOKOJIOM JOCSDKHOCTI, HIK TMPOTOKOJIOM MapuipyTu3zamii. lLle oOmexxeHHs
MPU3BOJUTH TAKOXK J0 OOMEeXeHb y cTpyKTypi Internet. XapakrepHo, mo Oyab-sika
gactuHa EGP mepexi Internet moBuHHA SBIATH COOOI0 CTPYKTYpPY JEpeBa, y SKOTO
MaricTpajJbHUM MapIIpyTHU3aTOp € KOPEHEM, 1 B MekaX SKOro BIJICYTHI METJI MiX
M AS. Tle oOMexxeHHs € ocHOBHUM oOMexkeHHsaM EGP; BoHO cTano npuunHoOO
HOro TMOCTYMOBOTO BUTICHEHHS IHIIMMH, OUIBII JOCKOHAJUMH TPOTOKOJIAMU
30BHIITHBOI MapIIPyTH3aLIii.

IloBinoMmiaenHst mpo HecnpaBHOCTi. [loBITOMIIEHHS NpO HECHPaBHOCTI
BKa3ylOTh Ha pi3HI 301iHI cutyarii. Ha gomatok mo 3aranbHoro 3arosioBka EGP
MOBIJJOMJICHHSI TIPO HECHPABHOCTI 3a0€3MEUyI0Th M0Jie MPUYMHM (reason), 3a sIKUM
171 3aroJI0BOK TMOBIIOMJICHHSI PO HecnpaBHOCTI (message header). YV uucio TunoBux
HecrpaBHocTel (mpuunH) EGP BxonsaTe HecnpaBHuil popmat 3aronoska EGP (bad
EGP header format), necripaBuuii popmar nons nanux EGP (bad EGP data field
format), HagmipHa MBHUIKICTH ONUTYBaHHS (excessive polling rate) 1 HEeMOXIHMBICTh
nocsirHeHHst 1HQopmMartii (unavailability of reachability information). 3aromoBok
MOBIJJOMJICHHS MPO HECIPABHOCTI CKJIAJA€THCS 3 MEPIIMX TPhOX 32-01TOBUX CIIIB

3arosioBka EGP.

6.6.2. Oco0suBocTi nporokoay BGP

[IpyHIMTIOBOIO BIJIMIHHICTIO 30BHIIIHBOI MApPLIPYTU3aLil BiJl BHYTPIIIHBOI €
HasBHICTh MAPIIPYTHOI MOJITUKHU, TOOTO MPU PO3PaXyHKy MapUIPYTy PO3TIISAIAE€THCS
HE CTUTbKM METPHUKA, CKIJTbKM TOJITHYHI W €KOHOMIYHI MipKyBaHHs. L1 oOcTaBuHa
HE JI03BOJISIE QJamnTyBaTH MijJ 3aBJaHHS 30BHIIIHLOT MapUIpyTHU3allii TOTOBI
MPOTOKOJIM BHYTPIIIHBOI MapmIpyTHU3ailli, MpPOCTO 3acCTOCYBaBIIM iX 70 Tpada
aBTOHOMHHX CHCTEM, SIK paHillle BOHH 3aCTOCOBYBasMcs 10 rpada mepex. [1o Tiit ke
NPUYMHI ICHYIOUI MIAXOAU - JUCTAHIIHHO-BEKTOPHUM 1 CTaHy 3B'SI3KIB - HEMPUAATHI

JUISL BUPIIICHHS TIOCTABJICHO1 3a/1a4i.
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Jns  BupilIeHHA 3agadl  30BHIIIHBOI Mapuipytusamii OyB po3pobiieHuit
nporokon BGP (Border Gateway Protocol). Bepcis 1mporo mpotokoiy, 1o
BUKOPUCTOBYEThCS B JaHUM MOMEHT, Mae Homep 4, BiamnoBiaHi cranmaptu - RFC-
1771, 1772.

3aranpHa cxeMa pobotu BGP taka. BGP-mapumipytuzatopu cycignix AS, siki
BUPIIIWIA OOMIHIOBATHUCS MapIIPYTHOIO 1HQOpPMAIlI€I0, BCTAHOBIIOIOTh MK COOOIO
3'enqnanns 1o npotokory BGP i crarots BGP-cycimamu (BGP-peers).

Jami BGP BukopucroBye miaxia 3a Ha3Boro path vector, mo € po3BUTKOM
JTUCTaHIlIHO-BeKTOpHOTO Miaxony. BGP-cycinu po3cuiiaioTs (aHOHCYIOTH, advertise)
OJIMH OJHOMY BekTopu HUIIXiB (path vectors). BekTop uuisixi, Ha BIAMIHY BiJ
BEKTOpa BIJCTaHEH, MICTUTh HE TIPOCTO aJpecy MEPEeKi Ta BiJICTAHb JI0 HE, a aapecy
Mepexi Ta crucok aTpuOyTiB (path attributes), 1110 onKUCyrOTH Pi3HI XapaKTEPUCTUKU
MapuIpyTy BiJl MapIIpyTU3aTOPa-BIANPABHUKA B 3a3HAYEHY MEPEKY.

Jlanux, 10 MICTAThCS B aTpulOyTax NUIAXYy, Mae OYTH JOCUTh, 1100
MapuIpyTU3aTOP-0/Iep>KyBad, MpoaHali3yBaBIIM iX 3 TMOTJISIAY MOJITUKUA CBO€T AS,

MIT yXBQJIUTH PIIMICHHS IOJAO0 NPUUHATHOCTI a00 HEMPUHHSATHOCTI OTPUMAHOTO

MapIipyTy.

Buyrpimuiii BGP, mapumpyTHi cepBepu

OueBunno, mo BGP-mapmpyruzatopu, 1mo nepedyBaroTh B OAHIA AS, Takox
MOBUHHI OOMIHIOBATHCA MK CO0010 MapiipyTHOIO iHpopmaitiero. [le HeoOxiaHO mis
MOTOJ/PKEHOT'0 BiI00PY 30BHINIHIX MapUIPyTiB BIAMOBIIHO 10 MOJITUKK JaHOi AS i
JUIsL Tiepeayl TPaH3WTHUX MapIIpyTiB 4Yepe3 aBTOHOMHY cucTeMy. Takuil oOMiH
pobuthcs Takoxk mo nporokony BGP, skuii y upbomy Bumnanky Hazubaerbes IBGP
(Internal  BGP), (BiamoBimHO, MNPOTOKOJ  OOMIHY  MapuipyTamMH  MIX
MapmipyTtuzatopamu pisHux AS HazuBaetbes EBGP — External BGP).

Binminnicts IBGP Big EBGP nossirae B Tomy, 1110 IpH OTOJIOIIEHHI MapIIPyTy
BGP-cycinoBi, mo nepebyBae B Tiil ke caMmiii AS, MapuipyTu3atop HE MOBHUHEH

nonasat B AS PATH nomep cBoeil aBTOHOMHOT cuctemu. JliiicHO, Km0 HOMep AS
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Oyzne mojaHui, 1 Cycii aHOHCYE e MapmpyT Aaii (3HOBY 3 I0JaBaHHSIM HOMEpa Ti€l
K AS), To Ta cama AS Oyne nomana 1o AS PATH nBidi, 1o po3IiHIOETHCS SK ITHKIT.

[le npaBuiO CHOpUYMHSE TaKUH HACHIIOK: 100 HE BHUHHUKIO IUKIIB,
MapuipyTH3aTop He Moke aHoHcyBatu no IBGP mapuipyT, oTpuMaHuii Takox IO
IBGP, ockiibku Hemae croco0iB BHSBUTH 3allMKJIEHHS Mpu orojomeHHl BGP-
MapuIpyTiB ycepeauHi oaHiei AS.

B pe3ynbpTaTi 1BOTO HACHIAKYy BHHHMKA€ HEOOXiAHICTH moBHOro rpaga IBGP-
3'€lHaHb MDK MNPUKOPJAOHHHMH MapUIPyTHU3aTOpaMHU OJIHI€E]l aBTOHOMHOI CHUCTEMHU:
TOOTO KOKHAa Tapa MaplIpyTU3aTOPIB MOBMHHA BCTAaHOBIIOBATH MDX COOOIO
3'enHanHsl o npotokosy IBGP. Ilpu nboMy BuUHHKaE MpodiieMa BEJIMKOI KIJTBKOCTI
3'enqnanb (nopsaky N2, ne N-uncino BGP-mapmpytuzaropiB B AS). Jlig 3MeHIIIeHHS
yuciaa 3'€JHAHb 3aCTOCOBYIOThCS PIi3HI pimieHHsA: moAin AS Ha koHdexaeparii
(macucTemMu), 3aCTOCYBaHHs CepBepiB MapHIpyTHOI iHGOpMallii Ta iH.

CepBep MmapuipyTHOi 1H(opmarii, skuil oOciayroBye rpyny BGP-
MaplIpyTH3aToOpiB, MpalO€ AYyXKE€ MNPOCTO: BIH MNpUKMAE MapuUIpyT BiJ OJHOIO
yY4acCHHKA TPYIHU 1 pO3CHIIA€ WOTO BCIM IHIIUM. TakuM YMHOM, YYaCHUKaM TPYIH
HeMae HeoOX1HOCTI BcTaHoBmoBaTH BGP-3'eqHanHs monapHo; 3aMiCTh I[bOTO KOXKEH
YYaCHUK BCTAHOBJIIOE OJIHE 3'€THAHHS 13 CEPBEPOM.

Crnin 3a3HAUMTH, 1O CEPBEP MAapHIPYyTHOI iH(OpMaIlii O0OCIyroBy€ TUIBKU
aHOHCH MapUIPYTIB, a HE caM TpaQiK MO UX MAPUIPyTax.

ATtpu0yTH nporokosy BGP

Mapuipytu, oTpuMaHi 3 BUKOpUCTaHHSIM Tipotokoiry BGP, marote neski
BJIACTHBOCTI, SIKI BUKOPUCTOBYIOTHCS JJIsl BU3HAUEHHS HAWKPAIIOro MapHIpyTy B THX
BUIAJKaX, KOJU € KiUJTbKa MapHIpyTiB A0 MyHKTY npu3HaudeHHs. Ll BrmactuBOCTI
Ha3uBaloThbcs aTpubyramu mnporokony BGP. Ichyrote Taki atpuOytu, siki BGP
BUKOPHCTOBYE MPU BUOOPI MAPIIPYTY:

o Weight;
e Local preference;
e Multi-exit discriminator;

e Origin;
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e AS path;
e Next-hop;
e Community.
AtpudyT Weight
ATtpubyt Weight (Bara) siBisie co6oto atpulyT, BBeAeHUI Kopropaiieo Cisco
1 € JJOKAJIbHUM JJI1 KOHKPETHOTO MapuipyTu3aropa. BiH He aHOHCY€EThCS CyCiTHIM
MapHIpyTH3aTopam. SKIo MapuIpyTU3aTop BUSBIIAE KUJIbKA MapIIPyTiB A0 MyHKTY
PU3HAYEHHS, TO BUOMPAETHCS MapUIPyT 3 HAMOLIBIIO Baroo.
Atpuoyt ORIGIN
ORIGIN (tum 1) - o00B'a3k0BUIA aTpUOYT, 1110 BKAa3y€e Ha JpKepeso iHdopmarltii
PO MapIIpyT:
0 - IGP (indopmariiss mpo MOCSKHICTH MEPEXi OTPUMAaHA BiJl MPOTOKOITY
BHYTPIIIHBOI MapuIpyTH3allii a00 BBEJIEHA aJMIHICTPATOPOM),
1 - EGP (indopmanis npo TOCSAKHICTH MEpEXi IMIOPTOBAHA 13 3aCTapiiioro
nporokoiny EGP),
2 - INCOMPLETE (indopmariis oTpuMaHa 1HIIMM YMHOM, Hampukiazg, RIP-
>0OSPF->BGP a6o BGP->OSPF->BGP).
AT1pubyt ORIGIN BcTaBnseTbess MapuipyTu3aTopom, 1o reHepye iHpopmariiro
Opo MapumipyT, 1 TpUd HACTYIHOMY AaHOHCYBaHHI ~ MapuipyTy IHIIMMHU
MapHIpyTH3aTOpaMH HE 3MIHIOEThCS. ATpUOyT (PaKTUUHO BU3HAYAE HAIWHICTD
Joxepena 1Hdopmarlii npo Mapupyt (HaiOubm Haaiiianii ORIGIN=0).
Atpudytr AS_PATH
AS PATH (tun 2) - 000B'ss3k0BU# aTpuOyT, 1110 MICTUThH CIIMCOK aBTOHOMHUX
CHCTeM, 4Yepe3 sIKi MOBMHHA MPONTH JedTarpama Ha IIISXY B MEPEXY, 3a3HaUeHY B
MapIHIpyTi.
Koxen BGP-By3on mnpu aHoHcyBaHHI MapupyTy (3a BuHsATKOM IBGP-
3'ennanb) qoaae B AS PATH Homep cBoei AS. MoxIuBO (3aJI€KHO BIJ MOJITUKH)

JI0JTATKOBO JIOJIAI0THCSl HOMepH 1HIUX AS.
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NEXT _HOP

NEXT HOP (tun 3) - 060B'a3x0Buil aTpuOyT, 0 BKa3ye aapecy HACTYITHOTO
BGP-mapuipytuzaTopa Ha HUIIXYy B 3asBIIEHY MeEpexy;,; Moke 30iratucs abo He
30irarucs 3 aapecoro BGP-By3na, mo anoncye mapuipyt. 3aznauenuii B NEXT HOP
MapuIpyTH3aTOp NOBUHEH OyTH JOCSHKHHMM Ui oJlepKyBada JaHoro Mapupyty. [lpu
nepenayi MapuipyTy 1o IBGP NEXT HOP ne 3miHt0€THCH.

MULTI_EXIT DISC

MULTI_EXIT DISC (tun 4) - HeoOOB's13K0BUI aTpuOyT, SIKUil sIBiIsiE COOO0IO
IPIOPUTET BUKOPUCTAHHS OTOJIONIYIOUOTO MapIIpyTU3aTopa, i JOCSITHEHHS dYepes
HBOT'O MEPEXI, 1110 aHOHCY€eThCA. T00TO, (PaKTUUHO 1Ie METPUKA MAPUIPYTY 3 NOTJISAY
mapuipyty BGP-By3na, mo aHoHcye. Mae ceHC He came 3HA4€HHs, a pI3HULS
3Ha4Y€Hb, KOJIU KUJIbKa MAapUIPyTU3aTOPIB OJHIET AS MOBITOMIISIOTH TIPO JOCSKHICTD
yepe3 cebe OJHIET U Ti€T &K MEpexi, HaJlaloud B TaKui CIOCIO oJiepKyBadyaM KiJbKa
BapiaHTIB MapIIPYTIiB B OJHY MEpEXy. 3a IHIIUX PIBHUX YMOB JeHTarpaMu B MEPExKi,
10 OTOJIOIIYETHCS, OyAyTh MEPECUTIATUCS YEPE3 MAPILIPYTU3ATOP, IO 3aIBUB MEHILIE
3naueHHss MULTI EXIT DISC.

ATpuOyT 30€epIiraeTbCsi IpH HACTYITHUX OTOJIOMIEHHAX MapupyTy no IBGP, ane
He o EBGP.

Atpudytr LOCAL_PREF

LOCAL _PREEF (tun 5) - HeoOO0B'A3k0BUIA aTpUOyYT, IO BCTAHOBIIOE ISl TAHOI
AS mpiopuTeT AaHOTO MapIIPyTy cepeil BCIX MAapHIPYTIB 10 3asABJICHOI MEpexi,
BioMux ycepenuHi AS. ATpuOyT OOYHUCHIOETBCA  KOXHHM  T'PAaHHUYHUM
MapIIpyTHU3aTOpPOM JUIsl KOKHOro mpuciaHoro Womy no EBGP mapumipyty 1 nmotim
MONIUPIOETHCS pazoM 13 M Mapripytom o IBGP y mexax manoi AS. Cnoci0
OoOYHMCIICHHS 3HaYEHHS aTpuOyTa BU3HAYAETHCS MOJITHKOK MPUHOMY MapiIpyTiB (3a
3aMOBYYBaHHsSM Oeperbcst 10 yBaru Tuibku noBxkuHa AS PATH). LOCAL PREF
BUKOPUCTOBYETHCS JJI TOTOKEHOTO MK MapiipyTuzaropamu oaHiei AS Bubopy

MapuIpyTy 3 JEKIIbKOX BapiaHTIB.
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Atpudyr Community
[le#i arpubyT 3abesmeuye cmocid TPymoBOi anapecarlii oJep)KyBadiB, sIKi
Ha3MBaIOThCS CIIBTOBApPUCTBOM (community), J0 SKOTO MOXYTh BIJTHOCHTHUCS
pilieHHs mpo BUOIp MapuipyTy (Taki, K NPUHHATTA, mepeBara i nepeposnoxin). s
BCTAHOBJICHHSI JaHOTO aTpuOyTa BHUKOPUCTOBYIOTHCS IEPETBOPEHHS MAapIIpYTiB.
CranpapTai 3HaueHHs aTpuOyta Community:
e no-export (He eKcnopryerbcs). Takuii MapHipyT HE aHOHCY€EThCA
OJIHOPAHTrOBUM By3jaM npotokoiny EBGP;
e no-advertise (He aHOHCYeThcA). et MapuIpyT He aHOHCY€EThCS HISIKUM
OJTHOPAHTOBUM BY3J1aM;
e Internet. [Ipo 1eit MmapupyT onoBimaeTbes cniBToBapucTBo Internet. o
I[bOT'O CIIIBTOBAPUCTBA HAJIEKATh BC1 MAapIIPYTU3ATOPU MEPEXKI.
Atpubyrn  arperyBanHss ATOMIC AGGREGATE (tunm  6) 1
AGGREGATOR (tun 7) - HeOOOB'I3kOBI aTpuOyTH, TMOB'I3aHI 3 ONEpalisMU

arperyBaHHs (00'eJHaHHS) NEKIIBKOX MApPIIPYTIB B OJIUH.

O0poOka mapmpytHoi iHdopmanii (Decision Process) i mapumpyTHi
NMOJIITUKH

Posrnsmemo nii BGP-mapmipyTtuzatopa mpu OTpuMaHHI ¥ aHOHCYBaHHI
MapuipyTy. Mapupytuszatop BUKOpucToBye Tpu 0a3u nanux: Adj-RIBs-In, Loc-RIB
1 Adj-RIBs-Out, B sSIKMX MICTSThCS MaplIpyTH, BIAMOBIIHO, OTPUMaHI BiJ CYCIJIB,
BUKOPUCTOBYBaHI CaMUM MAapUIPYTU3aTOPOM 1 Ti, IO MOBIIOMJISIIOTBCS CYCIIaM.
Takox Ha MapupyTuU3aTopl CKOH(IrypoBaHi JBI MOJITUKHU: TOJITHKA MpUIAOMY
MapmipyTiB (accept policy) i momiTHka aHOHCYBaHHsS MapuipyTiB (announce policy).
s 0O6poOku MapmipyTiB y 0azax [JaHUX BIANOBIIHO J0 HAasSBHUX TMOJITUK
MapHIpyTH3aTOp BUKOHYE TMPOIENypy, 10 Ha3WBalOTh Tpolec Bigdoopy (decision
process).

Mapuipytu, otpumani Big BGP-cycinis, nomimarotecs B 0a3y nanux Adj-

RIBsIn. BianoBigHo A0 momiTHKX mpuiioMy i KokHOTO Mapmpyty B Adj-RIBs-In
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O0YHCITIOETHCS TIP1OpUTET (1€ Ha3uBaeThes (a3oro 1 mporecy Biadopy). Y pe3ynbraTi
UX Ji¥ 1Kl MapIIpyTH MOKyTh OyTH BiiOpakoBaHi (BU3HAHI HEIPUHHATHUMH).

Ham (daza 2) a8 KOXKHOI Mepexi 13 BCIX HasgBHMX (OTpUMaHUX 1
HEBIIOpAKOBAaHUX) BapiaHTIB BUOUPAETbCS MapUIPYT 3 OLIBIIMM MPIOPUTETOM.
PesynbraTu 3aHocsaThCs B 6a3y Loc-RIB, 3Bijnku MeHemkep MapiipyTHOi Tadmaui [P-
MOJYJISl MOXE X B3ATH JJII YCTAHOBKHM B TaOJUII0O MaplIpyTiB MaplupyTuzatopa u
JUTSI @KCTIOPTY Y BHYTPIIITHIN MPOTOKOJI MapImIpyTH3aIlii AJIs TOTo, 00 ¥ 1HII BY3JIH
aBTOHOMHOI CHCTEMU MajJd MapIIPyTH 0 30BHINIHIX MepexX. | HaBmaku, 1mo0 1HIII
aBTOHOMHI CHUCTEMHM MaJll MaplIpyTH OO0 Mepex AaHoi AS, 3 TaOnuib NPOTOKOIY
(IpOTOKOJIIB) BHYTPIIMIHBOI MAapUIPYTU3allli MOXKYTh BHTITATHCS HOMEPU MEPEX
cBo€i AS 13anocutucs B Loc-RIB.

3agadya TpeThoi (azu - BiAOIp MapHIPYTIB JJIs aHOHCYBaHHA (pO3CUIaHHS
cycizam). 3 LocRIB BubGupawThcsi MapmipyTH, 110 BIJIMNOBIIAIOTh MOJITHUII
AHOHCYBaHHS, 1 pe3ylibTar mnomimaerbes B 0a3zy Adj-RIBsOut, BmicT sikoi i
po3cunaerbcsi BGP-cycimam. MoxiuBo, 10 MapLIpyTHU3aTOp Ma€ pi3HI MOJITUKH
aHOHCYBaHHS JUJISl KOKHOTO Ccycija.

[locninoBHicTh  00pOoOKM  MapwmpyTHOi  1HpopMmauii  Moxyiaem  BGP

npeAcTaBiieHa Ha puc. 6.7.

@\E IO/ THEA MPiHoMy TOJITHKA AHOHCYBAHHS i @
@/v: Adj-RLBsIn SKRTORL : Adj-RLBsOuti ﬁ

i iMIOpT !

' i | BGP-cyc
BGP-cycinm i IIPOTOKOJIH i : cycin

| IGP ,

! .

| :

E TabTHTIS :

' BGP-vapmpyrmsatop MapILDY TiB :

! |

______________________________________________________________

Pucynox 6.7 - O6po6xa mapmpyTHoi iHpopMartii moayiem BGP
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BaxxnuBoro BiacTuBICTIO TIporiecy Bimbopy € Te, mo BGP-mapmpyrtuzarop
MOBIIOMJISIE TUIBKH Ti MapuIpyTH, SIKi BiH caM BHKOpucCTOBYe. Ll obcraBuHa €
HacmiakoM mpuponu [P-mapmpyTusariii: mpu BHOOpI MapmipyTy misi AedTarpamu
BPaxOBYEThCS TUTBKH aJpeca OJepKyBada 1 HIKOJM - ajpeca BiAmpaBHHUKA. Takum
YHHOM, SIKIIIO0 MapIIpyTH3aTOp cCaM BUKOPHUCTOBYE OJIMH MapIIpyT y Mepexy X, a
CyCiZIOBI OrOJIOCHUB IHIIMK, TO JeWTarpaMd BIJ Cycila Bce OJHO OyayTh
nepecwiatTucs B Mepexy X MO TOMYy MapmipyTy, IO BHKOPHUCTOBYE caM
MapIIpyTU3aTOp, OCKUIBKH ajpeca BiJmpaBHUKA MPpH BHOOpi MapmpyTty IP-momynem

HC PO3TIAAA€ETbCA.

@OopMyJII0BAHHA MAPIIPYTHUX NOJITHK

Cnocobu omucy MapuIpyTHUX TOJITHK HE € 4YacTuHOo mnpoTokony BGP i1
BIJIPI3HSIOTECA B pi3HUX peamizaiisx BGP. Ognak, y KO)KHOMY BUIAJKY MOJITHKA
0a3yr0ThCS Ha KpPUTEPIAX BiIOOPY MapuIpyTiB 1 Moaudikallii aTpuOyTiB MapuIpyTiB,
10 MOTpanuiy Mmiag Kputepii Bigdopy. Moaudikaiis atpuOyTiB MapuipyTy y CBOIO
yepry BIUIMBA€E Ha TMPIOPUTET MHOTO MApUIPYTy TMpU BIIOOPI JEKUIBKOX
aNbTEePHATUBHUX MapIIPYTIB MiJ yac (as3u 2.

Jns  mnoBHOT 3a00pOHM  MOPUMHATTS  a00  OrOJIOIIEHHS ~ MapupyTy
BUKOPUCTOBYEThCSI  (PUIbTpallis, SKy MOXHA pO3MNIANATA K  [PU3HAYEHHS
HAWHIKYOTO MPIOPUTETY, II0 HE TO3BOJIIE BUKOPUCTATH MapIIpyT B3arali.

Bin6ip mapmpytiB 3 6a3u Adj-RIBsIn (ans peanizarii momiTUkd mpuiioMy)
MO3Ke B1A0OYyBaTHCS, HAIPUKJIIAJ, 32 HACTYITHUMH KPUTEPISMU:

- perynsipHe BuUpaxkeHHs il 3HaueHHS AS PATH (okpeMi BUmanku: HOMEp
kiH1eBoi AS mapmipyty, AS cycina, Bi SIKOTO OTpUMaHUN MapIIpyT);

- aJipeca MEpPEeXKI, B Ky BeJle MapuIpyT;

- azipeca cycija, Mo HajicaaB iHGOpMAaIIio PO MaPIIPYT;

- noxoxeHHs: Mapupyty (atpudyt ORIGIN).

Jlo mapupyTy, 110 3aJ0BOJIbHSE€ BCTaHOBIIGHOMY KpPHUTEpilO, MOXKHA
3aCTOCYBATH HACTYIHI MOJITUKH:

- He puiMaTu MapupyT - Bunanutu 3 Adj-RIBsIn (duterparnis);
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- BCTAaHOBUTH a/IMIHICTPATUBHY Bary MapiipyTy,

- BctaHoBUTH 3HaueHHs atpudyra LOCAL PREF,

- BCTAHOBUTH MapIIpyT K MapuIpyT 32 3aMOBUYBaHHSIM.

AnmiHicTpaTuBHA Bara mapuipyTy He € arpubyrom BGP, BoHa BcTaHoBmIOE
BHYTPIIIHIA TMPIOPUTET MapIIpyTy Ha JaHOMY MapiipytuzaTopi (y TOHW dYac, SK
LOCAL_PREF BcTaHOBIIO€ MPIOPUTET MAPIIPYTY B paMKaX aBTOHOMHOI CHCTEMH).

Sxmo (micna BuxkoHaHHs ¢uabTpanii) y ©6a31 Adj-RIBsIln € «kinbpka
aNbTEepPHATUBHUX MapUIPYTiB, MO BEIYyTh B OJIHY MEPEXY NMpPHU3HAYEHHS, TO BiAOIp
KpaIlloro 3 HUX poOUTHCS Pa3oro 2 3a HABEJACHUMH HUXKYE KPUTEPIsIMU (HaA MPUKIaIL
MapuipyTtuzatopiB Cisco). Kputepii mocCiiIOBHO 3aCTOCOBYIOTBCS B 3a3HAYEHOMY
HOPSIKY, TOKU HE 3IUIIUTHCS €UHUN MapUIpyT:

- HailOLIpIIa aIMIHICTpATHBHA Bara,

- Haitownpine 3nayeHHss LOCAL PREEF;

- mepeBara BIJIa€TbCA NUIAXY, KUK OyB 1HIIIHOBAHUM MPOIECOM MPOTOKOITY
BGP, 1110 BUKOHYETBCS HA IbOMY MapUIPyTU3ATOPI;

- naikopotmui AS PATH (mapuipyTt, mopomkeHuil y jokanbHi AS, mae
caMuil KOpOTKHil - mopoxHiid - AS PATH);

- Haitmenie 3HadeHHs ORIGIN (IGP<EGP<INCOMPLETE);

- naiimenie 3nadeHHss MULTI EXIT DISC (Biacyruiiit MULTI _EXIT DISC
BBAYKAETHCS HYJIbOBHUM);

- MapuipyT, orpuMmanuii no EBGP, npotu mapuipyty, orpumanoro no IBGP;

- Ak Bcl MapuipyTtu otpumani no IBGP, To BuOupaeTscs mapuipyt yepes
HaWOJIMKYOTO CyCifa;

- MapupyT, orpuManuii Bim BGP-cycina 3 HaiimeHmM 11eHTH(IKaTOpOM.

HpuHuun podoru nporokoay BGP

[Tapa BGP-cyciniB BcTaHOBIIOE MK c0000 3'emHaHHsa mo npoTokony TCP,
nopt 179. Cyciau, mo HanexaTh pi3HUM AS, MOBUHHI OyTH JOCTYIHI OAMH OJTHOMY
Oe3nocepeHbo; sl CYCIIIB 3 OAHOI AS Takoro oOMEXKEHHS HEMa€, OCKUIbKU
MPOTOKOJI BHYTPINIHBOI MapHIpyTH3allii 3a0e3MeunTh HAsIBHICTH BCIX HEOOX1THHX

MapuIpyTiB MIXK By3JlaMU OJIHI€] aBTOHOMHO1 CUCTEMH.
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[Totixk 1HDoOpmarii, sskum oOmiHOIOTECS BGP-cycimu mo mporokomy TCP,
cKiIamaeTbes 3 mocaigoBHOCTI  BGP-moBimomnens. MakcuMallbHa — JIOBJKHHA
noBiioMJieHHs 4096 okTeTiB, MiHIMajbHA - 19. IcHye 4 TUIIM TTOB1TOMJICHB.

Tunu BGP-noBinomjienn

OPEN - nocunmaernscst micist BcraHoBieHHS TCP-3'enqnanus. Bigmosigaro Ha
OPEN ¢ nosimomnenns KEEPALIVE, skmo apyra cropona 3roana cratu BGP-
cycimom; iHakmre mocwiae moBimomsieHHS NOTIFICATION 3 xomom, 10 MOSICHIOE
MIPUYUHY BIIMOBH, 1 3'€ THAHHS PO3PUBAETHCHI.

KEEPALIVE - mnoBigomyieHHS TpU3HAUY€HE [JIsi TMIATBEPJKEHHS 3r0JU
BCTAHOBUTHU CYCIJIChKI BITHOCHHH, a TAKOX JIJI1 MOHITOPUHTY AKTUBHOCTI BIIKPHUTOTO
s'enHadHsa: s 1boro BGP-cycimu oomintorotrbest KEEPALIVE-noBinoMineHHsIMu
yepe3 NEBHI IHTEPBAJIM Yacy.

UPDATE - mnoBinomieHHS NpuU3HA4Y€HE JUIsl aHOHCYBaHHS M IepeCcUIIaHHS
MapuipyTiB. Ilicis BcTaHOBIIGHHs 3'€fHaHHS 3a joroMororo mnosigomieHb UPDATE
NEPECUIIAIOTHCS BCl MApIIPYTH, SIKI MapLIpyTU3aTOp Xo4de orojocuTu cycigosi (full
update), micns 4YOro mMepecusaloTbes TUIBKMA JaHi Tpo JoAaHl abo BUITy4YeHI
MapuIpyTH B Mipy ixHbO1 nosiBU (partial update).

NOTIFICATION - mOBIJOMJIGHHS IIbOTO THIY BUKOPUCTOBYETHCA IS
1H(OpMyBaHHS CcycCifa MPo TPUYUHY 3aKpUTT 3'eqHaHHS. [Ticas BinnpaBiIeHHS 1IbOTO

noBiiomiieHHss BGP-3'eqHanHs 3aKpuBaeThCs.

6.7. IlporoxoJm rpynosoi mapupyrtusauii IGMP, DVMPR, MOSPF,
PIM

Ax Oyno 3a3HavueHo y po3aum 1, B ocHoBI rpynoBoi [P-aapecanii nexuth
HNOHATTS TPy, A 1ICHTU(IKALIT SKMX BUKOPUCTOBYIOTHCS CIEIiabHl TUIIN aJIpec —
multicast (Hanpukiaz, aapecu kiaacy D IP v4).

[ToObynoBa ckiafieHUX MEpeX 3 MIATPUMKOI MYJbTUKAaCTUHIa € HabaraTo

CKIIQIHIIIMM 3aBJAaHHSM, HIXK OpraHi3ailisi TpyroBOi PO3CHIKH B Mexax onHiei IP-
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mepexi. s mpocyBaHHS TPYNMOBHUX JeHTarpaMm Bija BiANpaBHUKA 10 OJEP>KyBadiB
Yyepe3 CKIaJIeHy MepeX HeOOXITHO 3/A1MCHIOBAaTH MapuIpyTH3alito aeiitarpam. OnHak
0 TPYIOBIM jedTarpami HE MOXKHA BU3HAYUTH I1HAMBIAyanbHi [P-aapecu 1i
oJiep>KyBauiB. B pe3ynpraTi, BUKOpUCTaHHA 3BHUaiiHoi [P-mapipyTu3aiiii 1 HaBiTh i1
NPUHIMIIB HeMae ceHcy. Tomy g MapuipyTusalli TpynoBUX jaetarpam Oyiu
pO3po0JIIeH] crieliaibHI METOIM ¥ MPOTOKOJIH.

OCHOBHMM TpUNYLIEHHSIM, SKE€ TMpPH IOMY pPOOHUTBCSI, € Te, IO
MapIIpyTH3aTOp 3HAE, YWICHHU SAKUX TPYH 3HAXOAAThCA Yy O€3M0cepeIHbO MPUETHAHUX
JI0 HhOTO Meperkax. MexaH13M peecTpallii WieHIB rpyn Ha MaplIpyTU3aTopi, 10 SKOTO

NIJKII0YEHA iXHS Mepexa, peanizoBanuil y npotokoii IGMP.
6.7.1. OcobauBocti nporokoay IGMP

[Tporokon IGMP (Internet Group Memebership Protocol) mpusnauenuit asns
peecTpallii Ha MapuipyTU3aTOpl WICHIB TPyI, IO 3HAXOAATHCS y Oe3mocepeaHbo
MpUETHAHUX 1O HHOTO Mepexax. Marouu 1o iH(opMallito, MapuipyTu3aTop MOXKe
MOBIJOMJIATH 1HIIIMM MapIIpyTuzatopam (3a JOMOMOTOK MPOTOKOJIB TPYMOBOi
MapuIpyTu3alii) Ipo HEOOXITHICTh MEePECUIKM HoMy AedTarpam JJjisi TUX YU 1HIIUX
rpyn. CyuacHa Bepcist npotokoiry IGMP — Bepcisa 2 — nokymenToBana B RFC-2236.

®opwmar nakera nporokoily IGMP HaBenenuii Ha puc. 6.8.

0 8 16 24 31

MakcumanbHuii Yac
Tun . KoHTpornbHa cyma
BiAryKky

pynoBa agpeca

Pucynok 6.8 - ®opmart nakera npotokony IGMP v2

B IGMP v 2 nepen6aueno wotupu tunu IGMP-nioBigomiieHs:
* 3amuT HAJIEXHOCTI 0 TPYIIH;
* BIAMOBIJIb HA 3aIUT MPO HAJIEKHICTh JI0 TPYIH 32 Bepciero 1; '

* BIJANOBIAb HA 3aMMUT PO HAJIEKHICTH IO TPYIH 32 BEPCI€IO 2;
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* TOBIAOMJICHHS MPO BUXIJ 13 TPYIIH.

Bysmu Bincunatore IGMP-BigmoBimi, siki BiAmoBimarOTh MeBHIA multicast
IpyIIi, JJI TOro, 00 MOBIJOMHUTH MPO CBOE OaKaHHS MPUETHATUCS A0 IET TPYIIH.
Mapmpytuzatop nepioanuHo Biampasiasie [GMP-3zamut, mo0 nepekoHaTucs, o
Xxouya O OJMH BY30J Yy TIAMEpeXl IIe 3allikaBiCHUW B OJIepKaHHI JaHUX,
NpU3HAYEHUX I AaHoi rpynu. [Ipu migkiItodeHHi By3ja 1O HOBOI Tpynu BIH
CaMOCTIHHO BIAMpaBIsie MOBIAOMIICHHS THITY «BIANOBIIb HA 3aIUT MPO HAIEKHICTH
JI0 TPYINU», HE YeKAI0YW YepProBOro 3aluTy Bijl MApUIPyTU3ATOPA.

JIns KOXKHOI TpyIu, WICHIB SIKOi OYyJIO BUSIBICHO B MEpEXi, MapIIpyTHU3aTOP
BEJI€ BUIIIK Yacy HEAaKTUBHOCTI. SIKIIO >KOJHOI «BIAMOBIAP HA 3alUT PO
MPUHAJICKHOCTI 10 TPYHW» IS 1i€l Tpynu He OyJI0 OTpMMaHO 3a MEeBHU mepion (3a
3aMOBUYYBaHHsSM - 260 ¢), TO MapUIpyTHU3aTOp BBa)Kae€, IO WICHIB L€ Tpynu B
Mepexi OUTbIIE HEMAE.

Konu By30:1 BiT'€AHY€ThCA Bil TPYIH, BIH MOXE MOCJIATH MOBIIOMJICHHS PO
BUXI1J 13 Tpynu no rpynoBiid aapeci 224.0.0.2 ("Bcim MapupyTtuzaropam"); aapeca
rpynu MicTHThCS B modii "Anpeca rpynu". Bysny HEoOXigHO 3poOUTH Iie, SKIIO Ha
OCTaHHIM 3alUT MPO HAJIEKHICTh 10 TPYNH BiJ IMEHI JAaHOI IPyNHU BiANOBIIAB came
e By3os. OpepkaBIIM TOBIIOMJICHHS MPO BUXIA 13 TPYIH, MapIIPyTH3ATOP
reHepye MPUBATHUN 3aIUT MPO HAJICKHICTH JI0 TPYIU IS WICHIB TIJIBKU II€1 TPYIH.
Skmo 3a yac, 3a3HaueHUM y moni "MakcuManbHMII 4ac BiAryky'" 3anuty (3a
3aMOBUYYBaHHSIM - | C), MapIIpyTU3aTOP HE OJIEPKaB KOJHOTO BIIMOBIII «B1AMOBIIb
Ha 3allUT PO MPUHAIEKHOCTI 0 TPYHU», TO BIH BBaXae€, 10 YICHIB JaHOI Ipynu B

Mepexi Outble Hemae. [ HaaiiHOCTI 3aUT MOCUITAETHCA 2 pasH.

Cnoayuni depeea 2pynoeoi po3cuiku

MapuipyTtuzaTopu TpynoBOi PO3CUIIKHA CTBOPIOIOTH CIIOJIYYHI JIepEBa, MO SKUX
BU3HAYAETHCS] MAPIIPYT, SKAM MOBUHHI IPOUTH TIO MEPEXKI1 JTaHl TPYMOBOI PO3CUIIKU
nporokony IP, mo6 mocartu Bcix ofepkKyBayiB. ICHye ABa OCHOBHUX THIH I'PYHOBUX

CIIOJIYYHHX JIEPEB: JIEpeBa BiJI KEpeia 1 AepeBa CIIUIBHOTO JOCTYITY.
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/lepeBo Bij 1Kepesia

Haiinipocrimoo (opmMoro TpymoBOro 3B'S3KOBOTO JepeBa € JACPEeBO Bil
jokepena. Moro KopeHeM CiIy’KUTh JKEpeNo TPYIOBOIO JepeBa, a IiJIKH YTBOPIOIOTh
CTHOJyYHE JEpeBO, M0 3'€AHYE JKepeno 3 oaepxkyBadyaMu. OCKITBKUA 1€ JEPEBO
BUKOPUCTOBYE HAWKOPOTII MapuIpyTH, WOro TaKOoX HA3MBAIOTh JIEPEBOM
HalikopoTiux MapuipyTiB (shortest path tree - SPT).

HepeBo SPT omucyerbes y BUTMSAl mapu 3HadueHb tumy (S, G), ne S — IP-
aapeca mxepena (Source), a G — rpynoBa azapeca ojepxkyBauiB (Group). 3okpema,
SPT-nepeBo Ha puc. 6.9 onucyerbes sk (192.1.1.1, 224.1.1.1).

[Tin 3amucom (S,G) po3yMieTbes, M0 MK KOXHUM JDKEPEIOM 1 KOXKHOIO
rpynoto icuye eaune i kopektHe SPT-nmepeBo. Hampukian, sikimo By3on B takox
Bianpasise nadi rpym 224.1.1.1, a onepxyBadyamu € By3iu A u C, TO MOBHUHHE

ICHyBaTu okpeme jaepeBo (192.2.2.2,224.1.1.1).

Jkepeno Byzon’ ®opma 3anucy:(S,G), 1e
o S - IP-anpeca jurepena
_!' 192.1.1.1 G - IP-aapeea oTpuMyBaua
LT

IMoTik manux ans 224.1.1.1°

T 192222 | 192333

B0 Byson
OtpumyBay B}§0H| OTpuMyBa'{f; )é, |

R

Pucynox 6.9 - [Ipuknan SPT-nepeBa
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/lepeBo CHIIBHOIO JOCTYILY

Ha BigMmiHy Bim JepeBa DKepelia, KOPiHb SKOTO 3HAaXOIUTHhCS B JDKEpE,
JiepeBa CHUIBLHOTO JIOCTYIY MalOTh €IMHUMN, 3arajJbHUN KOPIHb Y JESKiN CcreliaibHO
IpU3HAYEHIN U BOTO ToUIll Mepeki. Takuil CinbHUN KOPIHb HA3UBAETHCS TOUKOIO
panneBy (Rendezvous Point - RP). IIpu BukopucTanHi aepeBa CHIIBHOTO JOCTYITY
JoKepenia BIAMPAaBISIOTh MOTOKU TaHUX KOPEHIO, 3BIJIKU BiH MEPEAAETHCS B CIIATHOMY
HANPSMKY IO JIEPEBY CIIJIBHOTO JOCTYITY BCIM OJIep:KyBadaM.

Ha puc. 6.10 HaBeaeHO AEpeBO CIUIBHOTO JOCTymy s Tpynu 224.2.2.2,
KOPEHEM SIKOT0 € Mapupytuzarop D.

VY upoMy mpukiiaal JaHl TPYMOBOI PO3CHIKH Bia Jikeped — By3lIiB A u D —
nepesarThes KOpeHto (Mapuipytusarop D), a 3B1ITH MO AepeBy CHIIBHOTO JOCTYILY
— ABOM ojepxkyBauaM, BysziaM B u C. Ockuibku Bei jpkepena B multicast rpymi
BUKOPHUCTOBYIOTh OJHE JEPEBO CHUIBHOTO JOCTYyIy, TO MJii HOro mNO3HA4Y€HHs
3aCTOCOBYEThCS (popMma 3amucy 13 rpynoBuM cuMBodioMm *: (*, G). "3ipouka" B IboMy
BUIMAJIKY O3Haua€ BCi Jpkepena, a G — rpyimy rpynoBoi po3cuiku. BianoBiiHo, AepeBO

CHUIBHOTO NOCTYIy Ha puc. 6.10 mo3Havyaerbes sk (¥, 224.2.2.2).

By3oj ®opma amucy:(*,G). 1e
_f&_ * - Bol JpKepelia
| 192.1.1.1 G - IP-agpec rpynu
E' I £ - ‘ <——1 EByzoj
< D
D F S
A ( CriinbHult KOpiHb) 192.4.4.4

AT B 7

I I

192:2:2.20 | 192.3.33

‘.Byuaon : Byzon .
B i

Pucynok 6.10 - JlepeBo CriJIbHOTO IOCTYITY
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HepeBa SPT 1 nepeBa CHITBHOTO JOCTYNly HE TMOBUHHI MaTu TIETENb.
[ToBimomieHHSI TyOJIIOIOTHCS TUTHKHU B TOYKAX, JI€ 3'SIBIISTIOTHCS HOBI TUITKH.

[Ipueanatrcst 10 rpymnu TPyIMoOBOi PO3CUIKK a00 MOKHUHYTH ii MOXHa B Oy/Ib-
KU MOMEHT, TOMY CIOJY4HI JiepeBa MarOTh MOTpedy B JUHAMIYHOMY OHOBJICHHI.
Skio Bci aKTUBHI OJEp)KyBaul JaHOI TUIKH MEPeCTaHyTh 3alUTyBaTH JaHl JaHO1
rpynu, TO MAPUIPYTU3ATOPH MOBUHHI BUKIIIOYUTH 110 TUIKY 31 CIIOJIYYHOTO JepeBa i
MPUNMHUTH Tepeady Mo Hiid qaHuX. Ko oAuH 3 OJepKyBadiB JaHOI TJIKA 3HOBY
CTaHE AaKTUBHUM 1 3alpOCUTh JaHl TPYMNOBOi PO3CUIKUA, TO MapIIPyTU3ATOP
JMHAMIYHO 3MIHUTH CIIOJIyYHE JEPEBO 1 BITHOBUTH Mepeaady JaHUX.

JlepeBo HaWKOPOTIIMX MAapHIPYTiB Ma€ IMepeBary, M0 IMOJsIrae B CTBOPEHHI
ONTUMAJIBHOTO MAapUIPyTy MIXK JDKepenoM i ojepkyBauamu. lle 3abe3neuye
MIHIMQJIbHY 3aTPUMKY I[IpU Teperadl JaHuX TpynoBoi po3cwikd. OpHak Taka
ONTHUMI3allisi Ma€ CBOI I[IHY: MapIIpyTU3aTOPU TOBUHHI 30MpaTH MapuIpyTHY
iH(DopMaIlio NMpo KOXKHE JpKepeno. SIKIo B MEpeki TUCAYl JUKEpeN 1 Tpym, TO 1€
BUMAaraTuMe BiJl MApUIPyTU3aTOPIB 3HAUHUX BUTPAT PECYPCIB.

[lepeBara gepeB CHUIBHOTO JIOCTYIy TIOJSTa€ B TOMY, IO KOXEH
MapIIpyTHU3aTOp NOBUHEH 30€piraTu JuIle MIHIMAJIbHUNA oOcAr 1HPopMaLii Ipo CTaH
Mepexi. SKio B Mepeki BUKOPUCTOBYIOTHCS TUIBKU JIEpeBa CHUIHLHOTO JIOCTYITY, TO
1€ 3HWXKYE 3arajbHi BUMOTH 710 aM'ati. HegomikoM faepeB CiIbHOTO JOCTYIY € T€,
0, B TEBHUX OOCTaBMHAX, MapIIPpyTH MDK JDKEpelIoM i ojepKyBauaMud HE €

OIITUMAJIbHUMH, IITO MOZKC ITPU3BCCTU 0 3aTPUMKH IIPH I[OCTaBHi ITaKETIB.

3eopomna nepeoaua

[Tpu multicast mapmpyTu3aiiii JpKepeno BiANpaBisie AaHl JOBUIBHINA TpyIi
OJIep>KyBadiB, MPEICTaBICHUX TPYIMOBOI anpecoro. [pymnoBwii MapuipyTH3aTop
MOBMHEH BHU3HAYUTH, SIKU 3 HAIMpPSMKIB € BXITHUM (70 JKepena), a sKui (ski) -
BUXITHUM. SIKIIO BUXIJIHUX MapHIpyTiB Oarato, TO MapuipyTU3aTOp KOIIIOE MaKeT i
HaIpapise Moro mo BIAMOBIIHUX MapUIpyTax, MPUYOMY, HEOOOB'SI3KOBO MO BCIX.
[TpuHIIMTT TOCTABKU JaHWX TPYMOBOI PO3CUIIKUA HE CTIUIBKU O OACp)KyBada, CKiJIbKU

BiJ] JDKepelia, HA3UBAEThHCS 3BOPOTHOIO MEPeIavcto.
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[lepecunku mo 3BopotHomy MmapuipyTy (Reverse Path Forwarding - RPF)
SBIISIIOTH  CO00I0 (yHAaMEHTaJIbHUM MPUHIMI TPYHOBOI MapHIpyTH3allii, 10
JI03BOJISIE MapIIPyTH3aTOpaM IMepeaBaTH JaHi IPYMOBOi PO3CHIKH MO CHOIYYHOMY
JiepeBy B mpaBuwiIbHOMY HanpsiMKy. [Ipu Bukopuctanni RPF cyciani BxigHi i BuxinHi
BY3JId BHU3HAYAIOThCS IO TaOJMII MapuIpyTH3alii OJHOAJAPECaTHOTO PO3CHIIAHHS.
MapiipyTuzaTop BiAnpaBise TPYNOBHH MakeT TUIBKM B TOMY BHUIAQJKY, SIKIIO IeH
MakeT HaIIWMIOB Ha BXimHWi iHTepdetic. lle rapanTye BiACYTHICTH TETENIh Y

CIIOJIyYHOMY JI€PEBI.

RPF-nepesipka. Kosin Ha BXiJ MapmipyTH3aTopa HaAXOAUTh IPYIOBHI MAaKET,
MapuipyTu3atop Bukonye iioro RPF-nepeBipky. SIkiio BoHa mpoiiuia yCHilHO, TO
MAKeT BIANPABIIAETHCA, B IHIIOMY BUMNAJKY BIH BIKHIA€THCA.

Jlns makera, 10 HampaBisEThCS MO crodydyHomy naepeBy, RPF-mepesipka
MOJISITA€ B HACTYITHOMY.

1.  Mapupyruzarop BU3HAYAE IO Tabnui OJIHOAJIpecaTHOT
MapuIpyTH3alli ajgpecy JKepelsa 1 mepeBipsie, 4 HaAINIIOB MakeT Ha iHTepdeiic
3BOPOTHOIO MapIIPYTy ¥ YK HE HANpaBiS€ThCS BIH Ha3aj A0 JKepeda.

2. Slxuo makeT HaAiMmoB Ha iHTEepdeic, sKkuil Beae Hazal 10 JKepena,
To RPF- mepeBipka BBa)kaeThCsl YCIIIIHO 3aBEPIICHOIO 1 MAKET BIAMPABISETHCS.

3. Axmo RPF-niepeBipka 3aBepiiuiacs HeBAAJIO, TO MAaKET BIAKUIAETHCA.

6.7.2. OcobuauBocti nporokoay DVMRP

[Tporokon DVMRP (Distance Vector Multicast Routing Protocol, RFC-1075) -
caMUi CcTapuii MPOTOKOJ TpymoBoi wmapuipyTtusaiii. IIpoTokon mnpampe 3a
texHosoriero RPF, ane mng mnoOynoBu JepeB BUKOPUCTOBYETHCS  BIIACHHM
JUCTAHIIHHO-BEKTOPHUI MPOTOKOJI, aHAJIOT14yHUI ipoTokory RIP.

[Ipn oTpuMaHHI mepUIOrO MakeTa MapUIpyTU3aTOp He Mae iHdopmarlii mpo
rpyny. Bin nocunae orpumanuii makeT yepes BCi iHTepdeiicu, KpiM TOTo, Yepe3 sSIKui

ne maker OyB OTpuUMaHUi. SIKIIO0 TNakeT NpPUKIIOB HE uepe3 iHTepdeic, 1o
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BUKOPHCTOBYETbCA MAapUIPyTH3aTOPOM ISl TIOCHUJIKM TMAKETIB  BIANPABHUKOBI
rpynoBoi iHGopMallii, OTpUMaHWi TakeT BiAKUAaeTbca. Ilpu oTpumaHHI Mmakera
MapHIpyTU3aTOPOM, Y 30HI BIAMOBIJAIBHOCTI SIKOIO HEMAa€ 4YJeHIB TPYIH, BiH
MOCWJIA€ TIOBIJOMJIGHHS TPO BHUAANEeHHA (prune-komanaa). L{i moBimomiieHHS
BUKOPHUCTOBYIOTBCSI ISl BiJICIKAHHS BIJ JiepeBa MapHIPyTiB T1JIOK, IO HE MICTATH
yieHiB rpynu. [licist 3aKiHUeHHS MEBHOTO Yacy "Bijpi3aHi" TJIKM JepeBa MapIIpyTiB
"BipocTatoTh" 3HOBY, W 3HOBY MOXyTb Oyt BiAcidueHi. [Iporokon DVMRP
BIJIHOCUTBCS JI0 BHYTPIIIHIX IIPOTOKOJIIB MapHIpyTHU3allii, SKI TPU3HAYCHI JIA

BUKOPUCTaHHS B MEKaX aBTOHOMHOI CHUCTEMH.
6.7.3. Oco0sauBocti nporokoay MOSPF

[Tporokon MOSPF (Multicast OSPF, RFC-1584) € po3umpeHHsIM MPOTOKOIY
OSPF. MapumpytuzaTop, 1o HIATPUMYE 1€ PO3MIMPEHHS, BCTaHOBIOE OIT "M" y
nom "Options" noBigomiienns "Hello". B 0a3y nanux craHy 3B'S3KiB BBOJUTHCS
JOAaTKOBUI THIT 3allKCy: JIs 3a3HAYEHOI MEpPEXl NEepPepaxoBYIOThCS BCl TPYIH,
YJIeHU AKUX € B 11 mepexi. Lli 3amucu, sk 1 Bl iHII 3amucu 0a3Wl JTaHUX CTaHy
3B'SI3K1B, MOLIMPIOIOTHCS MO CUCTEMI MEPEX 3a JAOMOMOTOI0 MPOTOKOY 3aTOILICHHS
(flooding). Jlnms TpaH3UTHOI Mepexi 3amuc BHOCUTHCS B 0a3y JaHMX BUILJICHUM
MapLIpyTU3aTOPOM.

JlepeBa po3cuiiku rpynoBux Aeiitarpam Oynyrorbest o metony RPF Ha ocHOBI
0a3u paHuxX craHy 3B'sA3KiB. Bim3Haunmo, 1m0 po3cwika "MpoOHHX" TPymoOBHX
JefTarpaM 1 HaCTYIHE BIACIKaHHS HEMOTPIOHMX TIJIOK JepeBa B LIbOMY BHUIIAJKY HE
B1JIOYBA€ETHCS, TOMY IO 1H(OpMAIsS MPO HASBHICTh y MEpPEkKax WICHIB TPyl yiKe
MICTUTBCS B 0a31 JaHUX.

[Ipotoxon MOSPF mae cepitozHy npoOiemMy, MOB'si3aHy 3 MaclITaOyBaHHSIM:
JUIs KOJKHOI mapu "mkepeno-rpyna’ mpoBOJUTHCS OKpeMull 3amyck anroputmy SPF
JUTSL pO3paxyHKy JepeBa po3CHIKHU. [Ipu BeNMMKii KUIBKOCTI JKEPEN, a TaKOX TpH
HECTaOUIbHIN TOMOJIOTTi CUCTEMU MEpEXkK, Ha 11 OOYKMCIICEHHS BUTPA4yarOThCs 1CTOTHI

oOYHMCTIOBANIbHI ~ pecypcu MapiipytuzaTopiB. Kpim Toro, BapTto BpaxyBaTu
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HEOOX1/IHICTh 3aCTOCYBaHHS MPOTOKOJIY 3aTOIUIEHHS Al PO3CHIKM 1H(OpMalii mpo
YJIEHCTBO B rpyImax Mp ii 3MiHi.

I, mapemri, oueBuano, mo MOSPF Bumarae BuxopuctanHs OSPF sk
IPOTOKONYy MapuipyTu3aiii, ToOOTO, HE € HE3aJIeKHUM 1 MOXKE 3aCTOCOBYBATHUCS

titekd B OSPF-cucremax.
6.7.4. OcobauBocti nporokoay PIM

[IpoTokon He3anekHOI BiJ MPOTOKOIY TpymnoBoi po3cuiku (Protocol-
Independent Multicast - PIM) oxepkaB Taky Ha3By BHACIIJIOK TOrO, 110 BiH HE
3anexuTh Bl [P-nmpoTokony mapmpytusanii. PIM Moxe misiTi He3alnexHO Bl TOTO,
KU MTPOTOKOJI OJTHOAPECATHOI MAPUIPYTU3ALlll BUKOPUCTOBYETHCS ISl 3aII0BHEHHS
tabauup Mapuipytusaii - EIGRP, OSPF, BGP a6o craruuni mapuipytu. [Ipotokon
PIM BUKOpHUCTOBY€ MJisi TpPYNOBOI NEPECUIIKH L0 OJHOAAPECHY MapUIPyTHY
iHdopmarito. He3Baxaroun Ha Te, mo PIM Ha3uBaiOTh TpymoBUM MPOTOKOJIOM
MapuIpyTu3alii, Hachpapii, 3aMmiCTb MOOYJOBU TMOBHICTIO HE3aJIEKHOI TabJIuIl
IpynoBOi MapiipyTu3ailii, BiH BHUKOPHUCTOBYE JUIsl 3BOPOTHOI mepenadi TaOIuUIlio
onHoazpecatHoi mapuipytuzaiii. [Ipu Bukopucrtanni PIM, Ha BigMiHY BiJ 1HIIMX
MPOTOKOJIIB, MAPIIPYTHU3aTOPU HE MOCWIAIOTH 1 HE MPUIMAIOTh OHOBJIEHb T'PYIIOBUX
MapuIpyTiB.

HlinbHuit peskum nporoxoay PIM

VYV mineHOMy pexxkumi PIM (PIM Dense Mode - PIM-DM) nocraBka maHux
IPYIIOBOI PO3CUJIKM IO BCIA Mepexi 31MCHIOETHCS METOJIOM BUINTOBXYBaHHs. et
MeTo "Tpy0oi cuiau" mo JOCTaBIll JaHUX OJiepKyBauyaM €(QEeKTUBHUM ISl ACSKUX
MPUKJIAIHUX IIPOTpaM 3a YMOBH, 1110 aKTHUBHI OJIEPKyBadl € B KOXKHIHN MiAMEPExKi.

Cnouatky npotokon PIM-DM mnommproe naHi rpymnoBoi PO3CHIKM MO BCIA
Mepexi. MapmpyTuzatopy, 1m0 HE MaloTh CYCiJiB, PO3TAIIOBAHUX Y HAIPSIMKY
nepeaayl JaHuX, BIACIKAIOTH 111 HebakaHi gaHi. Takuil mporec MOBTOPIOETHCS KOXKHI
3 XBUJIMHU.

MexaHi3M TOIIMpPEHHST W TPUIMHEHHS TOTOKIB JIaHUX € CII0COOOM

HarpoMajpKeHHs MaplipyTu3aTopaMu 1H(opMamii mpo CTaH MUISXOM OAEep>KaHHSA
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NMOTOKIB naHux. 1{i mOTOKM maHWX MICTATH 1H(POPMAIIIIO PO JHKEPENo 1 TPymy, TaK
M0 MAaplIpyTU3aTOpH, PO3TALIOBaHI B HAMNpsAMKY TMepenadl JaHuX, MOXKYTh
CTBOPIOBATH BJAcCHI TaOJHIN TpynoBoi po3cuiku. IIpotokon PIM-DM miarpumye
TITBKH JIepeBa JpKepena. BiH He Moxe OyTh BUKOPUCTaHWH sl TTOOYJIOBH JI€pEB
CHIJIBHOTO JIOCTYILY.

Po3pigkennii pe:xxum nporoxoay PIM

Y pospimkenomy pexumi PIM (PIM Sparse Mode - PIM-SM) nocraBka gaHux
IPYNoOBOi PO3CWIKH 3JIHCHIOETHCS MeToAOM "BTiryBaHHs". JlaHi mepemaroThcs
TIIBKH B T1 MEPEKI, JI€ € AKTUBHI JIKEpEa, 110 MOCHAIN SIBHUM 3alUT HA OACpKaHHS
IIUX JTaHUX.

s mommpeHHst iHdopMalli mpo akTUBHI JpKepena B mpoTtokon PIM-SM
BUKOPUCTOBYETHCS JEPEBO CHUIBHOIO JOCTYNy. B 3a1exHOCTI B1 KOH(Irypauii 1aHi
MOXYTh 3aJIMIIATHCA B MeEXaxX JepeBa CIUIBHOIO JOCTyIy abo NepelTH Ha
ONTUMI30BaHE [JEepeBO Jpkepena. JlaHI MOYMHAIOTH MOMIMPIOBATUCA IO JEPEBY
CHOUIBHOTO JOCTYIy, @ IOTIM MaplIpyTHU3aTOpH, PO3TAIIOBaHI Ha WOro MUIAXY,
BU3HAYAIOTh, YM € KpalMid MapHIpyT N0 JpKeperna. Ko icHye Kpamuid, OiIbIi
KOPOTKHUI MapHipyT, TO BUAUICHUN (HAHOMMXKYMI 10 oJiepKyBaya) MapuIpyTU3aTop
BIJIIIPABJISi€ JHKEPETy MOBIIOMIICHHS TIPO MIPUETHAHHS, 1 JIaH1 IEPEHAIIPABISIOTHCS 110
IIbOMY MapHIPyTi.

Ockuibku B mpotokodi PIM-SM, npuHaiiMHI CIIOYaTKy, BUKOPUCTOBYETHCS
3arajbHe JEpPEeBO JIOCTYIy, B HbOMY BHKOPHCTOBYIOThCS Touku panueBy RP. Lli
Touku paHiaeBy RP  HacTpororwThcs aaMmiHicTpatopoM  Mepexi. JDxepena
peeECTpYIOThCS B Toulll paHaeBy RP, miciis 4oro naHi nepenaroThes oJepKyBayaM 1o
JIEPEBY CIUIBHOTO JOCTYMY. SIKIIO JAepeBO CHIUIBHOTO JOCTYIY HE € ONTUMaJbHUM
MapmipyToM MK JDKepeJIoM ¥ ojaep)KyBadeMm, TO MapIIpyTH3aTOpW ITHHAMIYHO
CTBOPIOIOTH JIEPEBO BIJ JDKepena ¥ NpUIMHAIOTH Mepefady JaHuX 10 JEpeBy
CHJIBHOTO JIOCTYITY.

[Tporokon PIM-SM nerko macmtaOyeThCsl A MEPEXK OYIb-SIKOTO PO3MIPY, Y
TOMY YHCI1 W TUX, /€ BUKOPUCTOBYIOTHCSI KaHadM TI00albHUX Mepek. MexaHi3m

SBHOTO MPUETHAHHS 3a1100irae nepeaaydi HebaXxaHuX JIaHUX 10 TJI00ATbHUX KaHaIax.
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Po3pigkeHo-1iIILHUH peKuM

Kopmopamist ~ Cisco  po3pobuna  HOBuii  Jjoriunuid  [P-iHTepdetic
MapHIpyTU3aTopa, 1o A03BOJISI€ BUOUPATH MK IIIJILHUM 1 PO3PIIKCHUM PEKUMaMHU.
Taka HEOOXiOHICTP BHUHHKIA Yepe3 3MIHY MNPUHIUIY Mepeaadi JaHUX TPyMoBOi
po3cuikd mo mnporokony PIM, mio cramo o4eBHMAHMM Yy TpPOILECT PO3BUTKY i€l
TexHoJor1i. BusBuiocs, 1o kpaiie BUOUpaTH PEKUM — PO3PIIHKCHUN a00 MIIIBHUN —
JUIS KOKHOI TPYIH, a HE JUIsl KOXKHOTO MapuipyTusaropa. Taky MOXKIMBICTH Hajae
PO3PIKEHO-ITITBHUN PEKUM.

[TapameTpu pO3PIIKEHO-IIUIBHOTO PEXUMY HACTPOIOIOTHCS aIMIHICTPaTOPOM
Mepexi. BiH Moke NpU3HAYUTH OKpPEMUM TpynaMm IIUIbHUK a0o po3piIKEeHUN
PEeXKUM, 3aJICKHO B1JI TOTO, UM JIOCTYITHA JIaH1i rpyIi iHPOopMAaIlis PO TOUKH PaHJIEBY
RP. SAkmo mapmpyruzarop mae RP-iHpopmaniro aisa rpynu, To A1 Hei BUOMPAEThCA

PO3PLIKEHUM PEXKUM, Y THIIIOMY BUITAJIKy BUKOPUCTOBYETHCS IIUIBHUM PEKUM.

IuTaHHs NI caMonepeBIPKN Ta KOHTPOJIIO 3ACBOEHHS 3HAHb

1. Illo po3yMitOTh i MapuipyTU3aIi€en?

2. lllo po3yMmitoTh MiJT aBBTOHOMHOIO CUCTEMOIO?

3. o po3yMitOTh i BHYTPILIHIM HUTFO30M?

4. I1lo po3yMitOTh i1 30BHIIIHIM HITFO30M?

5. Jle BUKOPUCTOBYIOTh MPOTOKOJIA MAPUIPYTU3ALlil BHYTPIIIHHOTO HLTIO3Y?
6. Jle BUKOPUCTOBYIOTh MPOTOKOJIM MAPUIPYTU3aLlil 30BHIIIHOTO UTIO3Y?
7. UM mpOTOKOJI MapIIpyTH3allii BIAPI3HAETHCS BiJl TPOTOKOIY, 11O
MapHIpyTU3YEThCA?

8. 3a IKUMU KpUTEPISIMUA MOKHA KJIacU(DIKyBaTH aITOPUTMU MapIIpyTH3aIlii?
9. lllo xapakTepHO AJIsi CTATUYHOI MapIIPyTU3AIIii?

10. o xapakTepHO sl AMHAMIYHOI MapIIPyTU3ALII1?

11. o xapakTepHO s JTIHIHHOT MapIIpyTH3aIlii?

12. o xapakTepHO 15 1€papXi4HOi MapIIpyTU3aLii?
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13. Illo xapakTepHO AJis aIrOPUTMIB MapIIPYTU3allii 382 CTAHOM KaHaTy?

14. 11lo xapakTepHO AJis AUCTAHLIHHO-BEKTOPHUX aITOPUTMIB MAPIIPyTHU3AIIii?
15. 110 po3yMitOTh MiJ METPUKOIO MapLIpyTy?

16. Sxi mapameTpu MOXYTb OYyTH BUKOPHUCTaH1 i (POPMYBaHHS METPUKH
MapupyTy?

17. o sikoro Kiacy BiHOCUTHCS MpOoToKoa RIP?

18. 11lo BUKOPUCTOBYE Y SIKOCTI METPUKU MapIIpyTy y nMpoTokomi RIP?

19. HaBeaiTh OCHOBHI €Tany alrOPUTMY MOOYI0BH MapUIPYTHUX TaOJIUIIb
npotokosioM RIP.

20. SIx1 MexaH13MH BUKOPUCTOBYIOTbCA y TpoTokoi RIP st BigcmiiKoByBaHHS
3MiH CTaHy Mepexi?

21. SIxi MexaH13MH1 3an100IraHHs NETISAM MapIIpyTH3aLli BAKOPUCTOBYIOTHCS Y
nporokosi RIP?

22. Jlo sKOro Kjacy BITHOCUTHCS MpoTokoia OSPF?

23. HaBeniTh OCHOBHI €Tany alroputMy noOyA0BH MapIIPYTHUX TaOIULb
npotokosiom OSPF.

24. [1lo BUKOPUCTOBYE y SIKOCTI METPUKHU MapuIpyTy y npoTtokosi OSPF?

25. 1511 40TO BUKOHYETHCS pO3OUTTS Ha 00JACTI IPU BUKOPUCTAHHS TIPOTOKOITY
OSPF?

26. 11lo po3yMitoTh mija MapiipyTuzaropamu — cycigamu B OSPF — nporieci?

27. lllo po3yMitOTh i cyMibKHUMH MapiipyTuzaropamu B OSPF — nporieci?
28. SIki 3amayl 103BOJIAE€ BUPIIUIUTH TIATPUMKA MHOKMHHUX MapIIPyTiB y MPOTOKOJII
OSPF?

29. Jlo sixoro kiacy BiTHOCUTHCS MpoTokoia IGRP?

30. Ilo BUKOPUCTOBYE y SKOCTI METPUKHU MapuIpyTy y npotokoii IGRP?

31. Yu miaTpumye MHOKHHHI MapiipyTu mpotokoia I[GRP?

32. Sxi dyskuii miarpumye npotokod IGRP nms migsumieHHs cTabiIbHOCTI
MapuipyTH3auii y Mepexi?

33. HaBenite ocHoBHi BimmiHHOCTI ipoTokoy EIGRP Big IGRP.
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34. SIxi MexaHi3Mu BUKOPUCTOBYIOThCS Y TpoToKoal EIGRP s minBumenHs
e(peKTUBHOCTI?

35. Jlo sikoro kiacy BiTHOCUThCS TpoTokon EGP?

36. HaBeniTh OCHOBHI eTanu mooya0BH MapIIpyTiB mpoTokonom EGP.

37. Slkuit ocHOBHUI HeoIiK poTokory EGP?

38. Jlo sikoro kiacy BiIHOCUTKCS IpoTokon BGP?

39. YV yomMy nossirae 0co0IuBICTh BUKOPHUCTaHHS MpoTokory BGP ms
MapuipyTH3alii B cepeluHi aBTOHOMHOI cUCTeMu?

40. Sy QpyHK1IIO BUKOHYE cepBep MapuipyTHOi iHpopmanii B BGP —
MapupyTH3amii?

41. Sxi atpudyTHn BUKOprcTOoBYE NpoTokoa BGP mig Bubopy ontumanbHOro
Mapmpyry?

42. JIns BUPILIEHHS SKUX 3a7a4 BUKOPUCTOBYIOTh POTOKOJIN IPYHOBOI
MapuIpyTH3aIii?

43. lnst woro mpuszHaueHuit mporokos IGMP (Internet Group Memebership
Protocol)?

44. I1lo po3yMitOTh MiJ CHOJYYHUMH JIEPEBAMU FPYNOBOI PO3CHIIKH?

45. SIK1 ICHYIOTh TUIIY TPYIOBUX CIIOJTYYHUX JIepEB?

46. llo xapakTepHO AJig AepeBa BiJ JKkepena (HAMKOPOTIINX MapIipyTiB)?
47. o xapakTepHO JJIsl IepeBa CIUIBHOTO A0CTYITY?

48. 11{o po3yMitOTh ITi1 3BOPOTHOIO TIepeaaveto Py IPYIOBiH PO3CHIIIN?

49. ]l 940T0 BUKOPUCTOBYIOTHCS IEPECUIIKHU 110 3BOPOTHOMY MapuIpyTy?
50. HaBexite ocHOBHI 0cobmBocTi ipotokosly DVMRP (Distance Vector Multicast
Routing Protocol).

51. HaBenite ocHOBHI 0cobymmBocTi Tpotokosry MOSPF (Multicast OSPF).
52. HaBenith ocHOBHI ocoOymBocTi mpotokony PIM (Protocol-Independent

Multicast).
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ABR
ACR

AFI
ARP
ARQ
AS
ASBR

ATM
AWG
BGP

CIDR

CNAME
CRC
CTS
CWDM
DA
DNS

DS
DSAP
DSCP

DSL
DUAL
DVMRP

HEPEJIIK CKOPOUYEHbD

area border router - IPUKOPAOHHUI MapIIPyTU3ATOP 0OJIACTI

BITHOIIICHHS 3aracaHHs CHTHAJIy JI0 3aracaHHs IIEPEeXPECHOro
HaBEJICHHS Ha OJIM)KHBOMY BiJ] TIepeaBaya KiHIll JiHii

Address-Family Identifier - inenTudikaTop cimeiicTBa aapecu
address resolution protocol — mpoToko epeTBOPEHHs aipec
ABTOMATHYHUI 3aIAT HAa TOBTOPEHHS

autonomous systems — aBTOHOMHa CUCTEMA

autonomous system border router - NPUKOPJOHHUN MapIIPyTH3ATOP
ABTOHOMHOI CUCTEMHU

ACUHXPOHHUH PEXKUM Iepeaadi

aMepHrKaHChbKa Ipajiailisi IPOBOIIB

Border Gateway Protocol

MDKIOMEHHA

Classless Inter-Domain Routing - 0e3kiacoBa

MapIIpyTH3aIis

canonical name — KkaHOHIYHE 1M ’sI (TICEBIOHIM)

IUKTIYHUN KOHTPOJIb MO HAJIJTUIIKOBOCTI

J03BLI Iiepeayi

PO3pIKEHE MYJIBTUILUICKCYBaHHS 32 TOBKUHAMU XBUJIb
azpeca oTpuMyBaua

Domain Name System — cucteMa JOMEHHUX IMEH
Differentiated Services — audepeHiiaibHe 00CTyroByBaHHS
TOYKA JIOCTYIY JI0 MOCIYTH OTpUMyBaya

Differentiated Services Code Point — xoa Touku audepeHiianbHOT
MOCITYTH

uppoBa aOOHEHTCHKA JIIHIS
Diffusing Update Algorithm - agudy3iiiauii anropuT™ OHOBIICHHS
Distance Vector Multicast Routing Protocol
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DWDM
EBGP
EGP
EIGRP
ELFEXT
FCS
FDDI
FDM
FEXT

FQDN
FTP
IBGP
ICMP

IGMP
IGP
IGRP
IP
IPG
IS-IS
LLC
MAC
MOSPF
MTU
MUX
MX
NEXT

HIJIbHE MYJBTUIUIEKCYBaHHSA 32 JOBXUHAMU XBHJIb

External BGP

exterior gateway protocol - MPOTOKOJI 30BHILITHLOTO MIUTIO3Y
Enhanced Interior Gateway Routing Protocol

€KBIBAJICHTHUH KOCPII[IEHT 3aracaHHs MepeXpecHUX HaBEICHb
KOHTPOJIbHA MOCIIIJOBHICTH Ka/IpiB

PO3MOITICHUN ONTUYHUN 1HTepdec TaHuX

JaCTOTHE MYJIbTHILICKCYBAaHHS

KOE(IIIEHT 3aracaHHsl MEPEeXPEeCHOr0 HABEJICHHS HA JaJlbHbOMY BiJ
nepeaaBaya KiHill

Fully Qualified Domain Name — nMOBHICTIO BU3BHAUY€HE IOMEHHE 1M’
(osibroBaHa BUTa napa
Internal BGP

Internet Control Message Protocol — MiKXMeEpeKHUH MPOTOKOJ
YIPABJISIOYHX ITOB1IOMJICHb

Internet Group Memebership Protocol

interior gateway protocol - MPOTOKOJ BHYTPIITHBOTO LT3y
Interior Gateway Routing Protocol

Internet Protocol — Mi>kMepeKHUN TTPOTOKO

MIXKIaKeTHA MIUIMHA

Intermediate System-to-intermediate System

KepyBaHHS JIOTITYHUM KaHAJIOM ab0 JJaHKOIO

KEepyBaHHS JIOCTYIIOM JI0 CEPEI0BHIIA

Multicast OSPF

Maximum Transfer Unit - MakcuManabHa OJUHULS TIEpeIadl JaHUX
MYJIBTHTIEKCOP

mail exchange - nomToBuif 0OMiHHUK

Koe(iIIeHT 3aracaHHs MEePEeXpPecHOTr0 HABEICHHS Ha OJIMKHBOMY Bij
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NLA
NRZ
NRZI
NS
NVR
OSI
OSPF
OUA
OUI
PCS
PDH
PIM
PIM-DM
PIM-SM
PMA
PMD
PTR

QoS
RARP

RIP
RNR
RP
RPF
RR
RTP

nepeaaBava KiHIl

Next-Level Aggregation- arperyBaHHsl HAaCTYIHOTO PiBHS
Ko7 0€3 MOBEPHEHHSI J10 HYJIS

KOJ1 03 MMOBEPHEHHS 10 HYJIS 3 IOUYEPIOBOIO 1HBEPCIEIO PIBHIB
name server — cepBep iIMeH

HOMIHAJIbHA MIBUAKICTH MOIIAUPEHHS CUTHATY

B3a€EMOJIiSI BIIKPUTHUX CUCTEM

Open Shortest Path First

oprasizauiifHo-yHiKaJIbHa agpeca
OpraHizaliifHO-yHIKaJIbHUN 11€HTU(DIKATOP

KepyBaHHS (DI3UYHUM CUTHAJIOM

T1e310XpoHHa UG POBa 1€papXis

Protocol-Independent Multicast

PIM Dense Mode - miisibHuii pexum PIM

PIM Sparse Mode - po3pimxenuit pexkxum PIM

MOJyJIb JOCTYITY 10 CEPEIOBHILA

1HTEepQeiic, 1110 3aJIeKUTh BiJ cepeoBUIIa

Pointer - Bka3iBHUK

AKICTh 00CITyTOBYBaHHSI

Address Resolution Protocol — mpoTokos 3BOpOTHOTO MEPETBOPEHHS

aapec
Routing Information Protocol
IpuKiMay He TOTOBUU

Rendezvous Point — Touka panmeBy

Reverse Path Forwarding - nepecuiika no 38B0poTHOMY MapHipyTy

IpuKiMay rOTOBUH

Reliable Transport Protocol -
JIOCTOBIPHOIO Tepeadyeto
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RTS

SA
SAP
SDH
SLA
SM
SNAP
SOA
SPF
SPT
SSAP
STP
TCP
TDM
TDMA
TLA
TTL
ToS
UAA
UDP
UTP
WDM
AKJI(DCE)
AM
BAC3
BOK

3aMuT nepeaayi

KOJ 3 IOBEPHEHHSIM JI0 HYJISI

ajZipeca BiANpaBHUKA

TOYKA JOCTYIY J0 MOCIYTH

CUHXpOHHA ITU(poBa iepapxist

Site-Level Aggregation - arperyBaHHsl MiCILIEBOTO PiBHS
OJTHOMOJOBHUI OIITUYHUUA KaOEeIb

IPOTOKOJI TOCTYITY 10 TMEPEK

Start of Authority — nouarok aBropu3aiiii (Mo4aTKOBUNA 3aITUC 30HM)
Shortest Path First

shortest path tree

TOUYKa JOCTYILY 0 NOCIYTH BiAIpaBHUKA

3axUIlIeHa BUTA Mapa

Transmission Control Protocol — mpoTokos ynpaBiiHHs niepeaadeto
4acOBE MYJIbTUILIEKCYBAHHSI

MHOKMHHUH TOCTYI 3 YaCOBUM PO3JIJICHHIM

Top-Level Aggregation - arperyBaHHs BEPXHBOT'O PIBHS
time to live — yac *kurts

type of service — Tur cepBicy

YHIKaJIbHO-KEpPOBaHa ajpeca

User Datagram Protocol — npotokon nararpam kopuctyBaya
He3axHIleHa BUTA mapa

MYJIBTUIUICKCYBaHHS 32 JJOBKHMHAMH XBHJIb

amapartypa KaHay JaHuX

aMILTITYTHa MOAYJISIIS

0a3a JaHUX CTaHy 3B'A3KIB

BOJIOKOHHO-OIITUYHUI Ka0eb
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BII (TP)
THH

EOT

B

KM

IOM

KIII

KK
KTM3K
KVJ(DTE)
MJIKH/BK
MM

TBJ1

TIKI

CB]I

CKC

TK

M

1B

yM

BHTA IMapa

roJIMHA HAHO1IBIIIOT0 HaBaHTAKEHHS

KOJI KIHIIS Tiepeaadi

iHTepdeicHui 6JI0KIB TaHUX

IMITYJIBCHO-KOJTOBA MOTYJISIIIS
1H(bOpMaIIHHO-00UKCITIOBATIbHA MEPEXa

KUIBIIEBUM 1HTEPPEHCHUIN TPUCTPiit

KOaKClaJbHUM KaOelb

KOMyTOBaHa TeleOHHA Mepexa 3araTbHOT0 KOPUCTYBAHHS
KIHIIEBE YCTaTKyBaHHS JaHUX

MHOXHHHHMM TOCTYI 3 KOHTPOJIEM HECY4Oi 1 BUSIBICHHSIM KOJi311
0araToMOJOBHH ONITUYHUI KaOeb

MPOTOKOJIbHUM OJIOK TaHUX

MIPOTOKOJIbHA KEepYyroYa 1HpopMaris

CepBICHUI OJIOK TaHUX

CTPYKTypoBaHa KabellbHa cUCTeMa

TOYKA KOHIIEHTpaIlii

(azoBa MOZYJIALIS

LECHTPAIBHUN BY30J1

4acTOTHA MOIYJISIIIS
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